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1 Overview of the Project

1.1 Objectives

The National Center for Earthquake Engineering Research (NCEER) with funding from the National
Science Foundation of the United States and the New York State Office of Science and Technology is
supporting an effort to develop Social Accounting Matrix modeling techniques as a means of assessing
the economic damage arising from natural disasters and helping to devise recovery strategies. Such
models could be used to design strategies for specific vulnerable natural disaster prone regions and
eventually developed into an Expert System for application in remote regions. This report describes
the work carried out in the first two phases of the project.

Natural Disasters include earthquakes, cyclones, floods mud slides, and volcanoes. While these events
may take place with rather little specific warning, they can disrupt all sectors of an economy and all
segments of a population for an extended period of time. Even when they not impacted directly,
people and businesses may be affected indirectly through damage to lifelines such as water supply or
roads, or through the loss of livelihood or markets. In many cases, these disasters have their most
severe impacts on isolated localities and small or marginal communities. For these people and places,
the extreme severity of impacts can be traced to poverty and inappropriate development. In some
cases, they are disadvantaged even further by deficient recovery programs. Thus, while the main
priority must be to deal with the immediate consequences of the disaster (such as medical and
shelter), it is also necessary to plan for an economic recovery which provides an opportunity to
improve the quality of development if the hardship from future disasters is to be reduced. This type of
planning requires tools which can be integrated into the recovery process, which can help to assess the
economic damage caused by the disaster, and which then can be used to assist in the long-term
recovery process.

Social Accounting Matrices (SAMs) are a type of economic model which are already widely used for
measuring the consequences of planned and un-planned economic events. In contrast to previous and
more conventional input-output models, SAMs include a wider range of sectors, and provide more
details of impacts on the household and public sectors, or on special classes of economic activity, such
as small businesses. They have been used for evaluating the social and economic impacts of structural
change, new technologies and public policies. The value of these models has been clearly established
at the national and regional level in industrial and developing countries, as well as for small
communities such as islands or villages, and can also provide the basis for the assessment of disaster
prevention and recovery programs. The obvious potential of the SAM approach is that it might allow
the impacts on particular social groups or economic sectors affected by disasters such as earthquakes
or hurricanes to be calculated. This is important because disasters generally have quite varied
consequences across the affected communities.

A key challenge for the project is to provide means for "translating" the assessments of the physical
damage arising from a natural phenpmenon into the economic disaster to be assessed using the
model. Essentially the approach offered here is to use an Event Accounting Matrix (EAM) whose
elements correspond to the entries in the SAM, and so allow the direct impacts of the disaster to be
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mapped onto the economic model. With this system the model could be used to design strategies for
specific vulnerable natural disaster prone regions. This in turn might subsequently be developed into a
fully fledged expert system for use in post-disaster economic recovery efforts, and which could thus
provide a framework for integrating the sector-specific expert systems now being developed in the
area of transport, water supplies and other public and private sector activities.

Expert systems are a computer aided method for making applications easier to build and apply.
Essentially, the approach builds a set of "rules" into a computer program, which then may be used to
guide fairly sophisticated problem solving. The expert system approach is most advanced for specific
"engineering" systems such as those now being developed by NCEER in the area of transport, water
supplies and other public and private sector activities. Although less developed, some progress has
also been made with socio-economic planning applications, particularly in the area of environmental
studies. The intention of the present project eventually is to develop the SAM into an appropriate
Expert Planning System (EPS) for use in post-disaster economic recovery efforts. This could eventually
provide a framework for integrating the sector-specific expert systems.

An expert system approach is warranted since natural disasters often occur in out-of-the-way regions
where ready made planning tools are not available and the expertise to develop these rapidly is
limited. Moreover, since the impact of a disaster tends to be specific to industries or populations, even
when planning tools are available, they may not reflect well the conditions of the disaster. Thus, the
overall goal of the project is to develop methods for localities which have recently suffered a disaster
as speedily and inexpensively as possible. These methods would make use of the "minimum
information loss" methods for model construction and lagged input-output solution algorithms which
have been tested in the present project.

1.2 Project Strategy and Progress

The overall strategy for the project and the relationship between the basic research, applications and
demonstration phases of the project are indicated in the flow-chart in Figure 1.

Phase One of the project provided a sector-by-sector review of disaster related impacts, cross-linkages
and prevention technologies and programs based on literature review and discussion with experts in
the field of earthquake studies and expert systems. It demonstrated the possibility of adapting existing
theories and impact models to deal with the particular supply- and demand-side issues posed by
natural disaster phenomena such as destruction of particular production activities, public infra-
structure (transport and public utilities) or social groups unevenly affected by the disaster. The results
of Phase One may be summarized as follows:

Review of Policy Variables

A literature review and discussion with experts in the field of earthquake studies has
demonstrated that a first step in developing the impact system would be the adaptation of
existing impact models to deal with the particular supply- and demand-side issues posed by
natural disaster phenomena. There is an extensive literature on the likelihood of disasters of
particular magnitudes (in particular earthquakes, as well as volcanic eruptions and
hurricanes), and of the engineering performance of individual proactive technologies,
survivability, etc. There is a less extensive literature of the post disaster effects and costs.
Nevertheless, the available material provides important insights on the type of damage -
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both direct and indirect - suffered in the wake of a natural disaster such as destruction of
particular production activities, public infra-structure (transport and public utilities) or social
groups unevenly affected by the disaster, as well as the developmental and institutional
context of disaster recovery programs.

In particular the literature demonstrates that:

i) while there is considerable variation in the precise impact of natural disasters such as
earthquakes, cyclones, floods and volcanoes, particular localities, communities and types of
economic activities are especially vulnerable.

ii) the severity of impacts is often a consequence of mal-development, such as squatter
settlements, farming etc in potentially vulnerable locations.

iii) recovery should be seen as part of an on-going development process

iv) disaster may provide opportunity to improve the quality of development, because victims
and administrations are responsive to new ideas, rebuilding is essential and funds are
available.

v) the possibility of redirecting the development process in system wide manner to promote
development and reduce vulnerability to natural disasters by using "systems" principles in
economic structure and organization

vi) the institutional context of disaster recovery programs (including the technical tools it
employs) must account for specific interests, cultural norms and organization of victims.

Such conclusions provide clues as to the most appropriate specification of planning instruments
including SAM's if they are to useful in the recovery planning process.

Methods for SAM Construction

The categories to be included in the SAM have been investigated in the light of the above
review. lIdeally, the economic impact system would include all activities which might be
impacted by a natural disaster, or might affect the subsequent reconstruction. These
activities may be very varied and very detailed since the impact of a disaster and the rate of
recovery are usually specific to the location and depend, for example, on the types and
magnitude of the event, the associated geological factors, the composition of the local
industry, public services and demography, the extent of proactive planning and the
availability or recovery services, and the relationship with the external world. Since data are
not available on all these issues, and because such details could lead to an overly
cumbersome planning tool, it is necessary to compromise between what is desirable, and
what is practical, given the information available in particular circumstances and the degree
of urgency of the analysis.

The merits of different categorizations and levels of detail, and methods of SAM construction
are considered. Because the construction of a social accounting matrix on the basis of
complete surveys is extremely expensive and very time-consuming it is seldom done. Rather,
the most common method for constructing input-output tables for a specific locality is to
transform an previously constructed national or regional table, or a table from an area with
similar economic structure. This involves using available data from the locality, such as
employment and household and government expenditures, to adjust the available table.
Various techniques have been devised for this, including an efficient multi-proportional

13



Social Accounting for Disaster Preparedness and Recovery Planning

scaling algorithm which allow all available data to be included into the reconciliation process
according to the principle of minimum information loss. This algorithm would form the heart
of the eventual expert system. Because data on imports and exports into a locality are
among the most critical for a proper assessment of economic impact, yet are generally the
least readily available, it is necessary to devise techniques for generating them from other
information.

Methods for Incorporating and Simulating Events

Having constructed a suitable SAM for the pre-disaster economy, it is then necessary to
devise methods for incorporating the direct effects of disasters into the SAM and calculate
the region-wide repercussions of a disaster. This calculation involves a time-lagged solution
for the Leontief matrix offers using a method which allows both the intensity and the time-
scale for recovery of each link in the economic network represented by the SAM to be
included in the calculation using the concept of the "event map". The alternative
reconstruction opportunities may be mapped onto the SAM system in a similar manner.
Preliminary applications of a detailed simulation of a disaster and subsequent recovery
policies based on a previously constructed SAM are presented. This pilot model may be used
to assess the effects of "simple" disasters and individual proactive and reactive social and
technological measures, as well some more "complex" disasters and corresponding "policy
packages" involving combinations of economic and institutional measures.

Expert System Requirements

Some preliminary evaluation of the technical and interface requirements of the eventual on-
site expert system for constructing post-disaster impact models will be made in the light of
work carried out under i) - iii) above. This discussion contrasts the possibility of applying
expert system concepts in a social accounting matrix building system, with those for its
application. Because, the matrix building system has a well-defined algorithm at its core, but
requires a considerable degree of expertise (familiarity with data sources, accounting
conventions, and intuition), this is a good candidate for some form of expert system
approach. From a purely technical point of view it also appears to be a feasible to use the
expert systems approach to integrate the SAM system with other sector-specific expert
systems, there must be concerns as to how the expert system fits in with the organization of
the relief operation as a whole (not least the involvement of the disaster victims themselves).

The primary purpose of Phase Two was technical - to test the proposed theoretical methods for SAM
construction and use in more detail, and to test the model empirically, again using the recent
experience of a small Caribbean island, Aruba.

Testing the Capability of the Model to "Track" a Disaster and Recovery Scenario

The initial empirical tests are carried out using a modified version of a previously constructed
SAM for Aruba for the year 1979 to "predict" the employment and GDP data for the Island
from 1979 to 1990. These tests demonstrate that the model can reproduce the events of an
economic crisis on the employment and income of the Island over this period. This is a
relatively severe test for any planning model and overall suggests that the SAM may be used
to evaluate the impacts of major natural disasters and the performance of recovery

14
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strategies for medium term recovery strategies.
Testing Methods for Model Construction

The possibilities for the rapid construction of new SAM's at a national level taking into
account the destructive effects of the disaster are demonstrated through the construction of
a new 1990 SAM for the Island based on the "event map" and multi-proportional scaling
procedures advocated in Phase I. Special attention was paid to the "lifeline" sectors - water
and electricity. Given the relatively favorable situation in Aruba, the preliminary data
collection and construction of the model was completed over a period of about one month.

Forecasting the Side-Effects of the Recovery Strategy

The possibilities for using the model to evaluate the impact of reconstruction strategies is
demonstrated by using the 1990 model to review the consequences of the national recovery
program to date, as well as the proposed capital expenditure program of the Island
Government. This review includes estimates of employment by sector, occupation and
households, as well as macro-economic variables such as balance of payments. The results
suggest that some of the unwelcome side-effects of the recovery strategy itself could have
been avoided, had a more adequate planning instrument been used to develop the
programs.

Constructing Models to Address Regional and Social Issues

The possibility of constructing new SAM's at the local level (for example, the locality directly
affected by the disaster) is demonstrated through construction of a multi-regional SAM for
Aruba based on the regions identified by the Island's Disaster Preparedness Committee. In
addition, versions of the model which describe the cultural division of labor among the Island
population are presented. These models too provide a satisfactory match to the regional
employment shifts on the Island resulting from the crisis and recovery, and indicate possible
more appropriate development programs for the Island.

The next step will be to continue the detailed simulation of technologies and recovery policies in
typical regions or islands vulnerable to earthquakes or other natural and non-natural disasters. The
aim is to systematically extend understanding of how to model the effects of individual proactive and
reactive social and technological measures and to evaluate pro-active and post-disaster "policy
packages" consisting of combinations of technological and institutional measures. This should lead to
the formulation of a set of "rules" for SAM construction and application which will be used in the final
step, the prototype expert system. Following this, the computer programs and user interfaces would
be refined for general implementation into a more readily usable system, which would then be tested
on a number of pre-event representative scenarios, and customized to the needs of specific disaster
preparedness agencies. Until the expert system is developed, the SAM may be used as a pro-active
system for vulnerable regions.

The overall approach to the construction and use of the impact model in a particular disaster situation
is shown in Figure 2. In each of the three main stages, information is "mapped" systematically onto
the basic framework of the input-output table. The first stage is the construction of the "pre-event"
model of the regional economy from a variety of data, including national data. The second stage
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involves preparing "event maps" to represent the immediate effects of the disaster, calculating its
impact on all actors in the community, and preparing preliminary recovery plans. The third stage
involves the adjustment of the plan in the light of the revealed short and long run impacts.

1.3 An Aid to Integrated Recovery Planning

The expert system is not intended to replace the judgments made by the disaster relief teams and
organizations involved, but would provide an additional tool for evaluating and testing alternative
ways for coping with the post-disaster reconstruction. The notion here is to use the latest techniques
to assemble data and build a suitably precise impact model of the devastated area in a matter of days
following the disaster. This would help the team and local authorities to assess the overall costs of the
damage sustained, and determine the priorities for reconstruction.

The overall framework for this integration of sector-specific expert systems and the SAM impact model
is indicated by Figure 3. This shows how the information from the sector specific damage/response
expert systems would feed into the rapid-build/rapid-response macro-impact model, and how both
would relate to the planning team in charge of reviewing scenarios and mapping strategies. Using the
various expert systems, an "event-map" could be constructed, which would be evaluated together
with the alternative recovery scenarios, and in this way, something approximating to an "optimal
strategy" formulated. This would include, for example, the priority and sequencing of medical and
housing and other "life-line" reconstruction, as well as longer-term economic and infrastructure
recovery.

1.4 Layout of this Report

The first section of this report briefly considers the requirements of a model which might usefully
address some of the economic issues arising from natural disasters. The second section describes the
theory of input-output analysis and social accounting and their potential contribution to disaster
recovery planning. The choice of the demonstration project in Aruba and the goals for model testing
are explained. The third section uses an existing model to track levels of employment and national
income through a disaster and recovery scenario. The fourth section describes the construction of an
updated model which is used to examine the unforeseen consequences of the recovery program. The
fifth section illustrates regional, social and cultural accounting versions of the model, each designed to
address more directly the consequences of natural and other disasters. The final sixth section
summarizes the conclusions and uses an economic planning model to illustrate one possibility for a
"user friendly" interface for the expert system model proposed in this report.
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2 Defining the Problem

2.1 Natural Disasters, Localities and Communities

The methods for building and applying social accounting matrices which are suggested in this report
are adapted from studies of small developing countries (specifically, Caribbean island economies), and
county-sized regions in industrial countries (in the United States and the Scotland). The point of
specifying a characteristic locality is therefore to provide a realistic challenge in terms of the empirical
constraints, technical difficulty and the institutional and economic context of the exercise.

Natural disasters strike all sizes of region and populations. Although there have been several major
disasters this century where major cities (such as San Francisco) or massively populated areas (such as
coastal Bangladesh, and provinces in China), the most damaged places in the majority of natural
disasters are small districts and communities, often in the poorer areas of developing countries. While,
in view of the variability of disasters and their impact, it is not especially useful to speak of "average"
localities or "typical" impacts, this report aims to develop systems which can contribute to disaster
planning in developing countries in localities with populations of, say, from ten thousand to one
million, with low to middle per-capita incomes, and a geographical area of up to one thousand square
miles. This reflects the locations many times affected by disaster, often sub-regions of a state or
province, or small island territories, with a reasonably diverse and well-developed economic and
institutional base. Often in these areas, there has been little pro-active disaster planning. This is
despite the efforts of international agencies, such as the Organization of American States (OAS)
Natural Hazards Project, in the areas of assessing hazard risk, identifying and formulating mitigation
measures, and providing information and training (OAS, 1990), or the work of the United Nations
disaster relief operations (in particular, UNDRO, UNHCR and the World Bank), and NGO and volunteer
organizations (such as Oxfam, Save the Children and CARE).

If a useful system can be developed with these poor and less developed regions in mind, then it is also
likely to be applicable to similarly sized areas in more developed countries (such as individual counties
in the United States). As indicated above, larger cities in industrial countries often are equipped with
planning tools similar to those demonstrated in this project - such as input-output tables, or have the
data and local capability to create them, and already undertake pro-active disaster planning - or have
the capability to do so. Nevertheless, since many disasters have a very localized impact, the planning
instruments which are available may not be sufficiently geographically targeted to be of use in the
wake of a specific disaster. Therefore, here too, it may be necessary to have ways of transforming
available tools match the parameters of the localized impact of a specific disaster.

2.2 Physical Damage versus Economic Disaster

Cuny (1983) categorizes disasters as "cataclysmic" disasters - earthquakes, cyclones, floods, tsunami,
volcanoes and fire - and long-term and continuing disasters - war, drought and famine. This project is
concerned with the former, in particular, disasters which are "sudden" ie. fairly likely, but relatively
unpredictable (such as earthquakes and volcanoes), and disasters which are "regular" ie. seasonal with
some warning (such as hurricanes or floods). The physical characteristics these events and the
structural damage they cause is summarized in Table 1.

2.1
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Table 1. Physical Damage Caused by Natural Disasters

Earthguakes (tremors, soil liquefaction, ground rupture and failure, tsunamis):
Fissures - damage to buildings, roads, dams and bridges.
Landslides and avalanches - buildings, roads etc buried, foods from temporarily blocked
rivers.
Liquefaction and collapse of underground geological structures- damage to buildings,
underground and surface structures.
Tsunamis - flooding and impact from giant sea-waves

Cyclones, Hurricanes and Typhoons (high winds, intense rains and storm surge):
Winds - damage to buildings, power lines and water towers.
Flooding from run-off and surges - damage to buildings, roads and bridges.

Floods (inundation):
Erosion - undercuts foundations
Mud slides - buries buildings and other surface structures

Volcanoes (blast, ash and larva):
Blast - destroys buildings and other surface structures
Lava Flows - buries buildings and starts fires
Localized fissures - damages buildings, dams and bridges.

(adapted from Cuny, 1983, Tables 2.1 - 2.6).

Cuny (1983, p44) observes that while "no two disasters are alike", different kinds of disaster can have a
number of disruptive effects, which in turn cause characteristic problems and needs. These are of four
kinds:

i) environmental,

ii) medical,

iii) social and economic, and

iv) administrative and managerial.

Unless a natural event such as an eathquake causes significant damage in one of these categories, it
remains merely an "interesting geological phenomenon" rather than a natural disaster. In this sense,
whether or not the event is to be classified as a "disaster" will depend on the extent of its human-
related secondary effects.

While the present study is concerned primarily with iii) - in particular with the social and economic
impacts that can be measured in economic terms - the approach to evaluating these must interface
with other aspects of the disaster. Moreover, since it is apparent that most disasters have the
potential to cause the full range of problems - albeit with different specific impacts (in terms of the
type of damage or costs of recovery), any planning instrument which can usefully address the
economic consequences of one type of disaster is likely also be of use for others. Thus, although the
majority of the literature referred to in this report is concerned with the impacts, and recovery from,
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earthquakes, the aim is to develop tools which are applicable to other types of disaster recovery
programs, including those which arise primarily from economic causes.

Table 2. Immediate Economic Consequences of Disasters

Earthquake Cyclone Flood Volcano
Migration:
Temporary X X
Permanent
Production:
Agriculture X X X
Industry X X X
Business X X X
Infrastructure X X X
Marketing X X X
Transport X X
Communications x X X

Based on Cuny (1983) Table 2-5, p 48.

Specifically, the economic costs of disasters may arise from one or all of the following:

i) Direct costs of the disaster, which includes loss of capital plant and infrastructure, direct loss
of output, jobs and household income, and human resource losses.

ii) Indirect costs of the disaster, which includes the losses to other parts of the local economy,
and neighboring regions, which are not directly affected by the disaster.

iii) Post-disaster costs, including recovery costs for reconstruction or relocation, and services
such as medical and counselling of victims.

iv) Proactive prevention costs, (against future disasters) including hardware such as meeting
higher building code standards, zoning of new construction, retro-fitting of buildings; and
software such as disaster forecasting, education and planning for safety or evacuation.

In principle, all these items may be accounted for within an input-output framework. For example,
comparison of the anticipatory and recovery costs with the short-and long-run costs (discounted to an
appropriate base, and differences between the pre- and post-disaster situations) allows various "cost-
benefit" evaluations to be made. However, as now considered, the way in which these items are dealt
with is important, since the economic impact of a disaster varies according to the types of business and
community impacted.

2.3 Recovery from Disaster

There are important variations in the way different economic activities and actors respond to disaster -
both in the immediate and the longer-term. In general Cuny suggests that disasters disrupt, rather
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than destroy economies. In the immediate aftermath, "during the emergency", people leave their jobs
to devote time to disaster relief, and this may curtail normal economic activities, even if sources of
employment are not themselves damaged. Subsequently, attention is given to restoring businesses.
Whether or not an economy can recover quickly depends on the losses sustained. Cuny suggests that
the ability to sustain damage and recover, differs greatly between formal and informal sector activities,
or between large and small scale activities. For larger enterprises, physical damage to business and
industry may temporarily halt some activities, but most enterprise can generally operate at reduced
levels even with the loss of equipment - in any case, Cuny suggests that the loss of employment is
usually only temporary.

In contrast, the impact of a disaster is usually far greater on people who are "participating only
marginally in the economy, such as subsistence farmers, small shopkeepers and fishermen. After a
disaster, it is not uncommon for many small enterprises to fail. For many owners, a disaster can wipe
out their not only their investments, but also their savings". While, the relative importance of the large
and small scale activities depends on the nature of the economy (city versus remote rural, wealthy
versus poor country etc.) as well as its composition, his review suggests that, if possible, the scale of
activity should be accounted for in the SAM.

This differential impact is not confined to poor developing countries, for example, in the Whittier
earthquake, the impacts seem to have been most severe on local, small business owners (Tubbesing,
1989, p3). Generally, impacts are felt unevenly. This is recognized in recent studies to the point that a
knowledge of the size-distribution of buildings in a disaster-prone locality provides insights as to the
likely extent of damage (see eg. Jones and Lewis, 1990). A recent study evaluating the need for
earthquake insurance in the United States shows that typically, the majority of direct losses are to
commercial, industrial and government owned property and facilities, especially damage to utilities,
transportation and communication.

2.4 The Developmental Context of Disaster Planning

Although the more immediate impacts of natural events and cost of recovery may be identified, as
above, several authors (see especially Jones, 1982) have emphasized that a disastrous event is a crisis
in the historical evolution of the economic system of the impacted region and that "Reconstruction
planning should be approached in the context of the continuum of the systems evolution. Planning
should guide the rebuilding so as not either to result in stasis in the system, nor in excessive
discontinuity, but rather the facilitation of development trends. At the same time, it should improve
the rapidity and efficiency of the process and insure that the reconstructed system is less vulnerable to
future earthquakes". Jones argues further that in order to accomplish these aims, reconstruction must
take into account the trends that have characterized the changing composition and spatial distribution
of the population and economic activity within the region and make use of the rebuilding process to
facilitate adjustment to new requirements.

Several authors conclude that "A strong local economy is the best protection against a future
earthquake... by contrast a marginal community is always the most vulnerable. The effect of the
reconstruction activity on the local economy is a primary factor to be considered in planning the
reconstruction”. According to Aysan et al (1989), there have been many well-documented cases
where the reconstruction itself has contributed to further economic decline, exacerbating the damage
to the economy cause by the earthquake, and causing the victims of the disaster to become
dependent on aid from the outside. In particular, they criticize the use of external contractors in
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rebuilding. "This may lead to the collapse of the local building industry, because these contractors
typically export profits and use non-local labor, creating a "leakage" of income from the local economy.
By contrast local contractors tend to employ local labor who, in turn, spend their earnings in local
shops and the local economy is perpetuated".

Essentially, Aysan et al (1989) are describing here the multiplier processes which input-output models
are designed to explain and quantify. Thus they explain that "The reconstruction itself can be used to
reinforce and revitalize local economies".

It is evident therefore that the recycling of any external economic assistance aid for reconstruction
within the local economy is an important principle in using the injected funds to bring about economic
development.

Aysan et al (1989) argue for a balance between a rapid reconstruction program -which is likely to
involve a high level of leakages of this kind, with a slower pace in which external aid is use to
restructure the local building industry to carry out as much of the reconstruction work as possible. In a
large scale disaster, the scale of reconstruction activity is obviously way beyond the normal capacity of
local building industries, with the sudden massive demand for building skills, material supplies and
labor making the use of external contractors seem inevitable. However, Aysan et al (1989) suggest that
this sense of urgency (to bring about rapid reconstruction) may be the result of perceived shelter
needs and external pressures by political authorities and aid donors. "The additional time taken (to
plan for recovery) can be accommodated within the recovery plan provided the objectives are well-
enough understood." The economic basis of a city needs to be rebuilt, not just its fabric. People need
jobs and income to afford to contribute to the reconstruction... Recovery planning should consider
how badly each employment sector is hit, and prioritize the use of reconstruction funds to revitalize
lost employment and damaged economic production."

2.5 Poverty and Culture Related Impacts

Cuny (1983) emphasizes that the scale of impact of natural disaster too is a developmental
phenomenon, in that much of the damage is a result of long-run mal-development. He argues that
even though the number of natural events (such as earthquakes and floods) itself has not increased in
recent years, in developing countries the magnitude of each disaster in terms of deaths and damage
costs has increased. This is because as a result of rapid urbanization in recent years with, for example,
extensive squatter settlements constructed on land subject to landslides or flood, millions of families
worldwide have become vulnerable to a range of natural disasters. He suggests that "recognizing
poverty as the primary root of vulnerability and disaster in the Third World" is the first step towards
developing an understanding of the need for change in current disaster response practices". Although
the present project is not concerned with the wider issues of development per se, nor concerned only
with the problems caused by natural disasters in developing countries, the fact that it is often the poor
families and the informal sector which are most severely impacted. In general poor and large families
had the greatest difficulty in recovering from a disaster (Bolin and Bolton, 1986) - typically they have
fewer savings, political empowerment or other means of coping with trauma).

The principal difficulty in representing this strong association between poverty and underdevelopment
in a SAM is the availability of data. Nevertheless, several SAM's have been constructed for developing
countries, and a number of industrial countries which include many of the necessary details. Even
when no explicit data are available, the informal sector may be represented, for instance, by
estimating its size (in terms of output or employment or as a share of household income) and then
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assuming a cost structure similar to that of small businesses). Usually some information related to the
latter is available.

A closely related issue here is the association between ethnicity and the impact of disasters and
reconstruction programs. Bolin and Bolton (1986), for example, conclude that in the Coalinga
earthquake Hispanics suffered the highest levels of damage and the lowest levels of economic
recovery. While some part of the ethnicity related impacts and responses may be correlated directly
with the relative poverty of victims, distinct cultural behaviors must also be taken into account.
Tubbesing (1989), in reviewing the emerging lessons of earthquake reconstruction efforts provides
examples of this in the Soviet Union, Mexico and the United States.

The "culture related" aspects of disasters involves a mix of economic and institutional issues which
often come to the fore during periods of hardship (such as the aftermath of a natural disaster). From
the economic standpoint, it is almost inevitable that a disaster will affect different ethnic groups
differentially. Most societies are multi-cultural, in the sense that they comprise peoples of varied
ethnicity and cultural heritage, and this is reflected a segmentation of economic roles, income
differences, consumption patterns, geographic concentrations, and the like across identifiable ethnic
and other groups (Horowitz, 1971). The resulting cultural division of labor typically exhibits complex
vertical and horizontal segmentation across cultures. With the horizontal division, certain groups
predominate in particular industries - a particular group may both work in and own the industry. With
the vertical division, certain groups occupy jobs of particular status or those requiring particular skills.
In either case, occupations and ownership may be closely linked to the regional, age or gender
divisions within a culture (see eg. Cole, 1989).

Because, different groups typically have contrasting attitudes to insuring against, and dealing with
disaster (such as migration or local economic support systems), as well as different work habits and
lifestyles, their needs should be accounted for explicitly in disaster relief programming. This suggests
that the usefulness of the social accounting matrix will be increased if the population affected by the
disaster can be sub-divided in the model in a manner which reflects the needs of the various socio-
economic and cultural groups of the region, as well as the situation of specific minorities. While this
again may pose difficulties because of a lack of data, it is generally possible to take some account of
this aspect of socio-economic structure.

2.6 The Institutional Context of Disaster Planning

The last consideration also raises a number of institutional issues, related to the way in which planning
tools such as the "event accounting matrix" will be used. The cultural division of labor and ethic
differences may be closely related to political differences, and the ability of the community to respond
to events (see Tubbesing, 1989). For example, Mileti (1989, cited in Tubbesing) observes that in the
recent Armenian disaster, ethnicity played a major role in coloring how earthquake victims, perceive
and react to recovery programs, and suggests that, given the ethnic diversity in the United States,
"Public response...would likely to be splintered and directed by the ethnic identification of victims".

Several authors warn against failing to involve all local interests in the reconstruction process. CUNY
(1983, p104) in reviewing lessons from the past concludes that "The subject of disaster assistance has
been viewed predominantly from the standpoint of the intervenors. Thus many of the common relief
approaches have evolved in ways that facilitate delivery of relief assistance. If agencies are to provide
effective aid, they must view disaster assistance from the standpoint of the victims and their
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requirements." He observes (p201) "Often in the rush to provide assistance, agencies will undertake
programs without considering their acceptability to the victims. There are numerous examples of
victims rejecting aid offered by intervenors, both governmental and non-governmental. The reasons
may be that the aid is culturally unacceptable or too costly".

Cuny (p86) points out that a common myth among disaster relief agencies is that disasters wipe out
indigenous coping mechanisms so that local formal and informal institutions are not capable of
functioning normally. In fact, he suggest that quite the reverse is true, and that aid programs often
serve to disrupt indigenous capability and to undermine its credibility in the community. He concludes
(p201) "reconstruction is a complex process and often involves sophisticated techniques and activities
with which local groups will need assistance. Providing assistance at this point is a meaningful role that
intervenors can play".

The way in which this empowerment may best be done brings together several issues raised by the
authors cited above. The need to act swiftly to deal with the immediate consequences of a disaster,
must not undermine the longer term efficacy of the economy (as Aysan et al 1989) or the local
institutions, especially when it may be possible to transform some aspects of the disaster into positive
development opportunities. However, as Jones (1989) emphasizes, if the measures taken to
ameliorate the effects of natural disasters are to be as cost-effective as possible, it is necessary to have
a framework for evaluating individual activities and packages of policies within a regional economic
context, and within a broader planning framework. Thus, he concludes that, "Analytic techniques must
be applied rapidly to develop a sufficiently profound comprehension of the nature of the spatial
system in the impacted area and the way in which it has been transforming over time." Thus while,
there may be good developmental reasons to time-phase the process of reconstruction, so that the
locality is recovers in the most favorable way, there is a need for tools which as soon as possible assist
in the short-run decisions which will facilitate long-run recovery. It is necessary for analysis to be both
speedy and relevant.

The need for quick access to data and analysis is apparent. Toki (1989) contemplating the disaster
planning requirements of Japanese cities, " A prompt grasp of the extent of damage and prompt
determination of the most effective plan for carrying out restoration and reconstruction activities in
the damaged city are essential...a well thought out procedure for implementing reconstruction plans
must have been decided upon or done well ahead of a disaster."
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3 Designing the Model

3.1 Economic Structure and Input-Output Models

Social Accounting Matrices are a development of the Input-Output tables invented by Wassily Leontief
in the 1930's and are quantified description of economic structure. They show the flows of goods,
services and income between the various actors in society and are used to demonstrate how
important changes in an locality are the economic well-being of its population. For example, they may
be used to calculate the employment or financial loss should a particular activity or linkage in the
economy is lost through a firm closing down, or how much an economy gains through a new activity
starting up. Such a device is obviously useful also for assessing the economic damage resulting from a
natural disaster such as an earthquake or a typhoon, or human-made disasters such as an oil-spill or
war. Indeed, a number of authors have used economic models, including input-output tables to
calculate the impact of real and hypothetical natural disasters on economies, and alternative recovery
"scenarios".

All input-output models are a quantified description of the network of economic transactions in a
society. The entries in the table measure the amounts of money paid by the "actors" in the economy -
production activities, households, government and overseas interests - to each other over a year time
period. The layout of entries in a typical table is shown opposite. In this table, the top left hand entries
are payments between production activities; the entries below show payments to workers and
entrepreneurs and how this is distributed to households and businesses. The lower left entries show
imports and profits repatriated overseas. The middle entries show expenditures by households and
government including personal tax and public welfare. Entries to the right show earnings from
overseas. The row and column totals for each actor are respectively their total income and total
expenditures; these are balanced so that any net imbalance is recorded as a net saving or loss. Key
physical data, in particular, employment by occupation and population are appended to the bottom of
the table, together with additional information about household and wage distribution.

By constructing appropriate input-output tables and manipulating the information they contain it is
possible to evaluate how specified events, such as the failure of an industry or lifeline, will affect each
actor in the economy. For the demonstration, examples have been chosen to reflect key aspects of
natural disasters such as the failure of major industries, the impact on specific population groups, the
failure of major inter-regional lifelines, the consequences of defective recovery programs, and the
search for more appropriate alternatives. In each case, although there are some conventions as to
what is to be included, in any particular situation, the details represented depend on the key features
of the economy, the requirements for the model and the available data.

3.2 Simulating of the Economic Impacts of Disasters

The possibility of simulating the effects of a natural disaster, and the reconstruction strategy, in a given
input-output table depends on a two principle conditions. First, whether the table includes items
relevant to the disaster, and second whether the method can reflect the complexity of the disaster or
the proposed reconstruction programs.

Input-output tables are most widely used to estimate the impact of single events - such as the opening

or closing of a business. The most common means of calculating the impact is to base the calculation
on previously calculated employment or gross output multiplier for the local economy. The multiplier
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for the business is taken to be the same as the average for the production sector to which it belongs.
For example, if jobs lost or gained directly is J, and if the employment multiplier for this sector is M,
then the total loss of jobs in the economy as whole will be J x M.

This procedure rests on a number of assumptions, in particular that the technology (cost structure) of
the particular firm is the same as the average for the sector as a whole. Since all businesses are
different, the calculation is much improved by taking explicit account of the details of the business (ie
how much it actually pays workers, buys from other local businesses, pays in taxes, or imports from
outside the area). Usually this added sophistication is added by calculating the effect of the loss of
income to each of these actors separately (using the previously calculated multipliers) and adding
them to the direct impact of the original change. The same principle applies in calculating the
economy-wide impacts of a natural disaster.

In general, in the circumstances following a natural disaster, some of the assumptions used in standard
input-output calculations must be modified. For example, if businesses are only partly damaged, but in
such a way as to change the composition of inputs (for example, additional raw materials are shipped
into the region), there will be a change in technology within each affected sector. In this case, the
standard multipliers for a particular activity may be unreliable, and it will usually be necessary the a
more sophisticated approach. For a "simple disaster" - resulting in the partial failure of one or more
production activities, the second method mentioned above may be sufficient to estimate the indirect
impact of the event. This approach may be extended to changes in the demand-side of the economy.
For example, a disaster may have little direct effect on production activities, but very great impact on
demand - say, if many homes are destroyed and a good proportion of the population temporarily or
permanently migrated from the area.

However, even this approach is likely to be insufficient for simulating a wide range of natural disasters -
especially where there is a complex of events arising from the partial failure of several activities,
resulting in a more general failure of the economic network as a whole. Here, it seems more
appropriate to proceed from the fact that input-output table is a network representation of the
economy, and to "map" the direct effects of the disaster onto the economic network. Moreover, if the
recommendation to conceive of reconstruction within the framework of an ongoing development
process (Jones, 1989) and to transform the tragedy into an opportunity to construct more forward
looking development plans (Aysan et al, 1989), then evidently a more sophisticated approach is
warranted.

The technique adopted for this project rests on a time-dependent approach for conceptualizing and
solving input-output tables. The method is considered in more detail later and in an appendix. From
the point of view of assessing the economic damage arising from natural disasters, the advantage of
this method is that it provides an more straightforward solution of extending input output tables (than
the commonly used "matrix decomposition" method) and, more especially, it enables the magnitude
and time-scale of failures and subsequent reconstruction efforts straightforwardly integrated into the
solution of the social accounting matrix. The essential theory of the method is described below. first,
however, it is necessary to consider the characteristic time-scales of disasters and reconstruction, and
which can be accommodated satisfactorily by the technique.

3.3 Time-scales for the Event and Recovery

Rates of recovery from disasters are usually specific to the location depending, for example, on the
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magnitude of the earthquake, associated geological factors (such as landslides), the composition of the
local economy (industry, public services and demography), the extent of proactive planning and the
availability or recovery services, and the relationship with the external world. Broadly speaking, the
time sequencing of economic events encompassing the disaster may be sub-divided as follows:

i) Immediate and Short-Run Effects
ii) Restructuring and Medium-Run Effects
iii) Long Run Developmental Trends and Opportunities.

With respect to i), the SAM provides an estimate of the impact on the whole economy of the partial or
total breakdown of individual activities, lifeline networks, external supply links and so on, which are
included in the event map, and the way these build-up over time. Although these may be classed as
"immediate or short run", the full impact may take several years to percolate through the economy
since there are always considerable lags in transmitting indirect effects through any economy. For
example, in normal circumstances businesses and people may have stockpiles of raw materials or
savings sufficient for several months and, if these are not destroyed, the real "crisis" may be delayed
until these are exhausted. Clearly, then the immediate impacts interact with the medium term
restructuring efforts, and because of the growth of indirect impacts over time, the severity of the
disaster may be worse than at first sight.

The time-scale for reconstruction depends very much on the strategy for reconstruction that is
adopted. Again these may be "short" or "long term". CUNY (p202) distinguishes between strategies
which provide aid to victims until they recover and strategies which help them to recover. He notes
that relief programs which concentrate simply on helping victims until they can "get going" again, in
general, have little impact on the overall recovery time. "Helping people to recover, on the other
hand, can demonstrably reduce recovery time. Such programs provide the resources needed and
generally concentrate on longer-term objectives." He also recommends approaches which facilitate
intervention both in the emergency as well as the subsequent transition and reconstruction phases.
"The strategy is to identify and provide those resources or actions that can accelerate recovery."
Typical actions are the provision of building materials for temporary shelters that can later be
incorporated into permanent housing; stimulation of markets or the normal economic systems; the
setting up of work programs for victims that not only provide resources but also accomplish
reconstruction objectives. "In short, to accelerate the recovery process, agencies provide or restore
the infrastructures of a community, provide the materials required, and make opportunities for the
victims."

This approach is echoed by Aysan et al (1989) and Jones (1982) who also argue that there should be an
overall structure to long term recovery and reconstruction plans, and that recovery should be viewed
as part of an on-going development process. Input-output type models are somewhat circumscribed in
terms of longer term development strategy. This is because, even time-varying models such as that
proposed here, do not take account of some dynamic and market-oriented processes. These include,
for example, changes in competitiveness or levels of investment locally as a result of improved
productivity. Such processes are likely to become important if the long-run aim is to improve the self-
sustainability of the local economy. Nevertheless, the models are entirely appropriate for evaluating
and comparing the variety of disaster-related economic activities, impacts, reconstruction programs,
and aid and assistance packages considered above, over the short and medium run, and indicating
opportunities for longer-run change.
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3.4 Categories in the Impact Model

The above discussion suggests that a natural disaster accounting system should sub-divide"
households by level of income or, better (and if possible), by ethnic identity, gender or social affiliation.
Similarly, sectors of production should highlight correlations with particular households, and to
highlight critical relationships between skills, ownership and consumption, and the internal lifelines
and their links with the outside world. Empirically and theoretically, this is a challenge. Fortunately,
constructing a useful social accounting matrix, does not require the "accountant's mentality" that
every penny matters.

In any case, there is no doubt that in most small settlements and localities (as well as the largest
countries such as the United States or India), a good deal of the economic activity goes un-accounted.
Incomes may be mis-reported or belong to the informal or underground economy. As far as possible it
is better that social accounts show all the essential links between production and distribution activities
in the area and the regional division of labor, rather than omit activities because detailed official
statistics are not available. If a fair approximation to the structure of the full economy is achieved then
the accounts should provide a reasonable starting point for assessing the impact of major disasters or
consequences of reconstruction policies.

In building a model to calculate the effects of natural disasters and recovery programs the aim is to use
available data so as to introduce as much "socially relevant" variation into the matrix as possible.
Given the earlier discussion, it is desirable that the social accounts include the following characteristics:

(i) Households by type (high income/low income, ethnicity, gender, etc)

(ii) Major economic sectors by type and ownership including links between sectors (such as
agriculture, public utilities, local industry and services, and export activities such as mining
and tourism).

(iii) Differences in production techniques within sectors (for example, sub-divided into large and
small enterprises).

(iv) Employment by level of education and occupation (such as administration, clerical
agriculture, production or sales worker)

(v) Income of households by source (wages, investments and transfers),

(vi) Consumption, savings and other expenditures by household type.

(vii) Government income and transfers (central and local agencies)

(viii) External payments (eg. repatriation of profits and development assistance)

3.5 Layout of a Social Accounting Matrix

The layout of the information listed in i) to viii) above is given in Table 3. In any particular situation the
details would depend on the key features of the economy, the requirements for the model and the
available data. The actual entries are the amounts of money paid (in local currency) by the various
economic actors - production activities, households, government and overseas interests - to each
other over a year time period. In the table, the top left hand entries are payments between production
activities; the entries below show payments to workers and entrepreneurs and how this is distributed
to households and businesses. The lower left entries show imports and profits repatriated overseas.
The middle entries show expenditures by households and government including personal tax and
public welfare. Entries to the right show earnings from overseas. The row and column totals for each
actor are respectively their total income and total expenditures; these are balanced so that any net
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imbalance is recorded as a net saving or loss. Key physical data, in particular, employment by
occupation and population are appended to the bottom of the table, together with additional
information about household and wage distribution. (An example of the SAM accounts is given later).

3.6 _Construction of the Social Accounts

In most situations, the construction of a social accounting matrix for a locality impacted by a disaster
would not begin from raw survey data, but be based on an existing input-output table for the nation or
region containing the locality, or if neither was available, from a matrix for a similar economy. For
example, input-output tables for states or counties in the United States usually begin with the 1981
United States input-output table. Tables for islands in the Caribbean, for example, may be based on
tables from other islands, during the 1960's a considerable amount of data were "shared" when
constructing the original European national input-output tables. While the tables constructed by
national planning offices and international agencies sometimes sub-divide some industries and
households along the lines indicated above, the majority concentrate on providing great detail on the
production side of the economy, with rather few sub-divisions on the demand-side. Nevertheless,
several international agencies (previously the World Bank) and independent agencies and researchers
have constructed social accounts following the work on social accounting initiated by Stone.
Construction of these tables already poses many empirical problems similar to those faced in building
input-output tables generally - problems of inconsistent or inadequate definition, data from different
sources are incompatible, data are available only for different years, data have been over-aggregated
at source, key questions were omitted from the original survey, samples are inadequate, respondents
are untruthful, and so on.

The data required for a SAM and the approach to construction will be considered in more detail later. It
is not necessary at this stage to discuss these details, except insofar as they illustrate general principles
in construction of the social accounts. The construction of a detailed set of social accounts shares all of
the problems of constructing input-output tables generally, plus a few more. Moreover the details of
construction tend to be very specific to the locality considered.

A number of so-called "mechanical" techniques are available for resolving inconsistencies in data,
updating existing tables to account for more recent or more reliable data, or generating a table for one
region from the table for another. The methods described in Appendix | has been adapted to the
needs of the present study, and could provide the core algorithm for developing local area social
accounts suitable for natural disaster accounting. Inevitably, however, a certain amount of judgement
enters into the way in which inconsistencies are finally reconciled, and it is largely for this reason that
some familiarity with the economy concerned is essential. For this reason also, it seems unlikely that a
useful SAM could be built in a purely mechanical fashion (using only an algorithmic approach), but
requires a more sophisticated combination of mechanical and heuristic methods.
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3.7 Representation of "Lifeline" Systems

Many authors point to the importance of lifeline systems to economies and their vulnerability to
natural disasters (Kameda and Shinozuka, 1989). Most economic transactions depend directly on
physical lifeline systems - for example, purchases of power and water by businesses and households,
the trucking of goods between industrial areas and to markets, the flow of information within and
without the region via telecommunication links. Even though, in many situations the direct impact of a
natural disaster affects a very limited part of the economy with only a small number of activities
sustaining physical damage, especially in the case of lifeline activities, such as transportation, water
and power supply, and the like, the indirect effects can be ubiquitous across the whole local economy.
Toki (1989, pl1) observes that, "When, for example, one section of a lifeline system which is an
important part of urban functions is disrupted, the entire system cease to function over a wide area.
Such disruptions tend to occur simultaneously in many places during major earthquakes." Because
they describe an economic network input-output tables are especially appropriate for estimating the
extent of the generalized economy-wide collapse as a consequence of the failure of a specific activity.

Nevertheless, simply because lifeline systems comprise networks covering the entire region, and the
behavior of the goods and information delivery systems (transportation and communication) is
dispersed across the input-output table, its representation in the table and the way in which the
behavior changes following a disaster deserves particular attention. In particular, although all the
lifeline items - at least those for which some payment is made - are represented in an input-output
table, they may not be treated in a manner that makes them immediately amenable to analysis.

Accounts sub-divided as in Table 3 can represent well the existing (ie. pre-event) circumstances of an
economy, and some of the changes arising because of damage to the technological system (eg. levels
of output by sectors) or the institutional system (eg. an inability to distribute resources), or some types
of damage to the economic network. However, in order to represent satisfactorily specific (such as
damage to "life line" systems internal or external to the locality, it may be necessary to sub-divide
some parts of the SAM further. In this case it may be necessary:

(i) to introduce new sectors into the SAM to in order to make lifeline links within the locality
more explicit, or
(ii) to sub-divide the social accounts geographically to show explicit links between the locality

and neighboring regions.

The difficulty in representing damage to the economic network is partly a matter of accounting
conventions in the way data are categorized in conventional input-output tables. For example,
although a transportation sector is typically included in most tables, the entries between any other
production activity represents the payments by that activity to transport companies. While this
payment would obviously be lost should the transport sector be damaged, more important to
understanding the effect of this failure is its effect on the flows of goods between production activities.
In an input-output table this is measured by the transactions between production sectors, for
example, between agriculture and food processor, or between the latter and retailers.

This means that simulation of changes in lifeline systems in an input-output table must be performed

in an appropriate manner. In the context of a disaster planning exercise involving people with expert
knowledge of the local lifeline systems, the most appropriate approach is to assess the specific

3.6



Social Accounting for Disaster Preparedness and Recovery Planning

implications of lifeline failures directly in terms of the categories included in the matrix. For an
integrated "expert" system (such as that considered later) it would be necessary to construct a
transformation matrix to convert physical lifeline changes into their economic equivalents (equivalent
to a "make-matrix' between commodity and production categories).

3.8 The Event Accounting Matrix

The above discussion suggests that four kinds of calculation involving different levels of sophistication
may be required to evaluate the various impacts and reconstruction programs:

i) estimate the loss in output, employment in income directly and indirectly as a result of the
"simple" disasters. For example, where some production capacity is lost, but the average
technology used remains the same.

ii) more "complicated" disasters where the composition of inputs to particular sectors or
households is changed in a non-linear fashion.

iii) as with ii), but taking account of recovery or reconstruction of the activity over some
specified time period.

iv) as with iii), but recognizing that the recovery is part of a program which incorporates

reconstruction into a broader development strategy (ie deals with aspects of the economy
not affected by the disaster), and which, in particular, is designed to enhance the robustness
of the economy against future disaster.

As considered earlier, a natural disaster is likely to pose a sufficiently complex set of changes that these
are not dealt with satisfactorily in standard input-output models or by the standard methods of
solution. In many situations, the linear assumptions for intermediate and final consumption assumed
in i) will be obviated by the circumstances of the disaster. To take a rather simple example, if the
power networks (generating or refining capacity) are destroyed, but water and transportation
relatively unaffected by the disaster, then it may be possible for the necessary fuel to be shipped into
the region. In this case, the "technology" represented in the input-output table should be changed to
show that inputs of domestic fuel has changed. Moreover, since this may be a temporary event with
the expectation that domestic power systems will be brought up to full capacity after a specified
period, this too should be included in the longer run calculation. Beyond this, it may be that the
recovery strategy, involves an expansion, and an upgrading of the power production system. In this
case, both the level of production, and the technology used are to be adjusted.

In general, to extend input-output calculations to deal with non-linear behavior significantly
complicates analysis, and also undermines one of the most attractive features of this type of analysis,
namely its intuitive and analytic simplicity. For present purposes, however, a suitable extension of the
linear method may be used which allows discrete non-linear changes (such as those immediately
following a disaster), and steady changes (such as those during restructuring) to be accounted for. This
involves specifying an "event accounting matrix" (EAM) - essentially a table with entries corresponding
to those in the social accounting matrix, which are added into the solution of the SAM when multipliers
and other indirect effects are calculated.

The EAM provides information on the intensity of the impacts to each activity and transaction and the
response (or recovery rate) of each activity or transaction. Formally, the event matrix might show,

i) the proportion of each transaction not affected directly by the disaster.

ii) the time taken for the transaction to recover to its previous or some specified level.
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iii) the new level (if different from the old level).

In effect, this provides information with which to modify the existing SAM. The precise form of the
events matrix may vary (although it must be consistent with the SAM and the method of calculation).
The formal structure of the calculation, the approximations it entails are discussed in an appendix.

An important aspect of recovery programs is to reduce the vulnerability of the locality to further
disasters. in terms of individual structures this is dealt with, for example, through new building codes
(eg CUNY, 1983). With respect to lifeline systems various "systems" principles are recommended. For
example, as Kameda and Shinozuka (1989) advocate, "The earthquake disaster problem of lifeline
systems involve not only earthquake resistant constructions of individual components but also system
recovery with the aid of network redundancy, back-up facilities, and restoration work, that are to be
followed by reconstruction and improvement for the future earthquake." The same principles that
apply to the design of a robust lifeline network also apply to the regional economic network as a
whole. However, there may be economic trade-offs associated with this, for example, the dispersal of
vulnerable activities may lead to a reduction in economies of scale (ie. under normal conditions some
goods and services may become more expensive, although the costs resulting from of periodic
disasters is reduced). The cost of such insurance may be partially tested through the SAM
methodology, adapted to take account of discounted costs and benefits. Although this is not
considered further in this report, it appears to entail a straightforward extension of the method
described in Appendix II.

3.9 How Accurate does the Model Have to be?

Uncertainty in the predictions arises from two sources:

i) Uncertainty from outside the model about the direct economic effects of the
"event" (eg. from an assessment of the physical damage and the translation of this into direct
economic impacts, uncertainty as to the level of assistance, the future production capacity of
the region, or uncertainty as to future trends in for demand for products from the locality).

ii) Uncertainty from inside the model because of rigid or inadequate data or
assumptions in the relationships in the model, or how it is solved, which cause it to mis-
represent the likely response of the economy to external shocks and policies (for example,
businesses may respond by adapting technologies or households change their consumption
habits in a way not covered by the model).

Typically, a planning model may be used to provide a range of forecasts, say a central, high and low
predictions based on alternative expectations about the i) - the direct consequences of the disaster
and the recovery policies. Forecasting "errors" as in ii) may be in the form of random uncertainties (eg.
arising from sampling errors in the data base used) or systematic biases (eg. the data reflect the
historic, rather than the current situation). In either case, these may be accounted for providing their
magnitudes are known and understood.

In the circumstances of a natural disaster, with considerable uncertainty as to the full extent of the
immediate damage and the need to develop a workable recovery plan over a rather short time frame,
it is impossible that any economic model could make "accurate" forecasts. What matters here, of
course, is that the model should be "reliable" in the sense that decisions taken about the recovery

3.8



Social Accounting for Disaster Preparedness and Recovery Planning

strategy should not be rendered "incorrect" because of lack of precision in the forecasts. For example,
the model may be used to estimate the total loss of employment in the locality as a whole as a result
of the disaster, and then to prescribe the level of some new activity required to restore employment to
the former level. This would then determine the amount of temporary assistance or re-investment
needed. Clearly, the planning system and the economy has a certain degree of tolerance to
uncertainty in these forecasts (for example, through built-in "network redundancy"), but beyond a
certain level this unmanageable.

A low central forecast which proves to be correct, but with a very high upward uncertainty can be as
unacceptable as an forecast with a small upward uncertainty which turns out to be too low, because
both lead to wasted economic resources. For example, a lifeline system may be designed with a
limited degree of over-capacity, to take into account of exceptionally high growth demand. Beyond
this, it may not be possible to deal in a cost-effective way with the overload. In this case, there is a
technological constraint on dealing with the inaccurate forecast.

In general uncertainty becomes unmanageable when the a society lacks the flexibility to deal with it,
either technologically or institutionally, or both. In many cases, a response may be technologically
feasible, but institutionally unacceptable. As indicated by Cuny, for example, it may be unacceptable to
accept certain kinds of assistance or from particular outside groups. Similarly, it may be quite feasible
to convert religious facilities to commercial use, or re-locate a stricken community in another area. But
if the population are opposed to the re-use, or if populations have historically been adversaries, these
"solutions" may be politically infeasible. In this case, an alternative approach may have to be found.
Provided the model can make forecasts which are reliable within the context and awareness of a
knowledge about these factors it may be considered sufficiently reliable. These considerations are
summarized in Figure 4.

3.10 Alternatives for an "Expert System"

The final consideration in this section is the possible eventual adaptation of the SAM method into an
expert system approach. Both methods for constructing and applying the SAM are considered. Input-
output tables essentially describe the network of flows and linkages in an economy in much the same
way that other kinds of network representations are used to describe flows in an air traffic or water
distribution system. These last networks are used to help understand how to improve the
performance of a transport or service systems, and latterly have become the basis of "expert systems"
such as those already under construction by the NCEER.

With respect to the present project there are two areas where the some adaptation of the tools
considered here might be useful:

Application 1)
Adaptation of the social accounting matrix building system. Since this matrix building system
has a well-defined algorithm at its core, and the matrix building itself requires a considerable
degree of expertise (familiarity with data sources, accounting conventions, and the like), this
is a good candidate for some form of expert system approach.

Application Il)

Integration of the event matrix with the expert systems developed of lifeline and other
components of the disaster reconstruction program. From a technical point of view this also
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appears to be a feasible goal - however, there a several considerations related to the
institutional aspects of the recovery program - particularly the involvement of disaster victims
themselves, as well as cooperation within the recovery planning team itself.

Types of Intelligent System:

A recent review (Han and Kim, 1988) of the prospects for the application of "intelligent information
systems", including expert systems, concludes that these artificial intelligence techniques are not a
technology which solve urban planning problems by themselves. Rather, they are "a newly emerging
and promising technology which can be incorporated or integrated into existing information systems
to provide more intelligent and effective solutions to urban planning problems."

These authors sub-divide intelligent systems into four categories:

i) (DBMS) Data Base Management Systems which improve upon traditional data to
computerize routine tasks in an efficient and accessible manner.

ii) (GIS) Geographic Information Systems which provide map-like access to data bases and allow
some types of spatial economic modelling to be performed.

iii) (DSS) Decision Support Systems access structured data bases using clear-cut decision rules
including some modelling methods, so as to provide selected information from a large and
complex data base. In effect they are a means for filtering out and manipulating relevant
information.

iv) (ES) Expert systems attempt to incorporate the judgement, experience, intuition and "rules of
thumb" of human experts into problem solving, a heuristic rather than an algorithmic
approach.

Depending on the state of the art with each type of intelligent system, these may each be useful in the
area of disaster relief efforts. Although, this project is not concerned directly with i) and ii) it is evident
that efficient access to a large data base on the affected area could be an invaluable tool in identifying
specific targets for relief, such as businesses, families. Such data bases, take many years to develop
(since they rely on detailed surveys and established planning institutions) and while these are now
ubiquitous, in disaster prone cities in countries such as Japan and the United States, they will be at best
partial in disaster prone areas in developing countries. Similarly, the ability to overlay different types of
information using a GIS approach provides an attractive capability. For example the mapping of the
propensity to flooding against the composition of residential structures, to prepare evacuation plans or
assess potential damage in the face of an on-coming storm. Again, this capability rests on availability of
the underlying data base. The applications consider here fall under iii) and iv) above.

Lastly, it should be noted that whatever these assessments for the future of artificial intelligence and

expert systems, experience to date is limited, and "little is known about the impact of ESs apart from
the economic benefits they have produced for a few large firms" (Jahoda et al, 1988)
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Application 1)

The construction of a SAM in principle falls under iii) since, given an sufficiently comprehensive and
well-structured data base, the assembly and adjustment of the SAM may be reduced to a set of rules,
which can be followed in a systematic and repetitive fashion. Unfortunately, even in industrial
counties, at the local level, economic data are sufficiently "messy" (adopting different categories,
based on surveys from different time-periods, and so on), that a good deal of expert hands-on effort is
required to construct an input-output table. Nevertheless, since the building of a matrix can, in
principle be reduced to a set of accounting identities and well-defined rules for assembly and
adjustment, some of the principles of DDS can be applied. It is not difficult to conceive of a computer
software package which would facilitate the rather rapid construction of local-area social accounting
matrices as a post-event exercise, by small teams of experts with some prior experience in the
construction of input-output tables, or by less sophisticated local planners over a longer time-frame, as
part of pre-event strategy development.

Although a number of software packages such as ECONIO are available for the construction of input-
output tables for localities in the United States, the algorithms these systems adopt are rather rigid
and so are not able to deal well with the paucity of data and variability of disaster prone local areas in
developing countries (and even small areas in industrial countries). For these reasons, a heuristic, as
much as an algorithmic system is required. Essentially, this hybrid system would have an algorithm at
its core, but would be backed up by a system for monitoring the results of the procedure (checking for
inconsistencies, unreasonable parameters, and so on), and suggest alternative data sources and matrix
construction procedures (for example, using a hierarchical "hyper-text" approach). Within the present
project, the aim is certainly not to construct such a system, but rather to see the possibility as a goal
for guiding the work to be undertaken.

Application Il)

Since most natural disasters are locality specific - or at least the most intense effects are felt by
localized communities, it is unlikely that a suitable impact model will be available. What is needed,
therefore is a means for constructing a suitable SAM very quickly using "expert system" methods -
similar to those for the sector-specific studies - and integrating the findings into a single evaluative
tool. This would become the basis of similar expert systems to be used by planners and others
assisting in the recovery efforts of small localities, especially those which cannot afford major pro-
active efforts and analysis.

Although some proponents of expert systems see them as a way of bringing together and focusing the
efforts of individuals and organizations concerned with the reconstruction program, it is questionable
whether this would be effective for the circumstances described, for example, by CUNY (1982). It has
to be recognized that the planning team may include a wide range of expertise, some of which may be
non-technical in the forma sense. Jones (1989), in particular, has argued that "..it appears that best
results are obtained when reconstruction planning is decentralized to the lowest appropriate level.
Decision makers and populations within the stricken region are to some extent already aware of the
nature of the changes taking place in the region and the appropriate ways to allocate resources...In
addition, people within the locality will be acutely aware of why and how the system failed and how to
reduce its vulnerability in the future."

Given this, any expert system must not attempt to replace the vital judgments made by the disaster
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relief teams involved, or because of its sophistication "exclude" people affected by the disaster from
the decision process. Rather, it should aim to provide them with an additional tool for evaluating and
testing alternative ways for coping with the post-disaster reconstruction. Thus, although the methods
proposed might enable a "strike team" of economists and others might rapidly build a suitably precise
impact model of the devastated area (to enable planners to assess the overall costs of the damage
sustained and the priorities for reconstruction), the institutional context for it use has to be carefully
appraised. All this suggests that any analytic tools should be intuitive (in the sense that they appeal to
the "common sense" of the parties involved), and that they should operate in an unobtrusive manner
(behind the scenes), in manner which does not dis-empowering "non-experts", rather than be the
focus of a complex negotiation.

Moreover, if the recovery program is to be seen as part of an on-going development process, and
within the framework of a broader strategic plan for the future of the areas impacted by the disaster,
then some of the analytic methods employed during the intensive recovery phase should
(presumably) be designed in such a way as to be transferable and useful for the continuing planning
functions. In this case, the same considerations also apply, but in addition, the analytic tools should be
sufficiently simple to use and update.

If such institutional problems can be resolved, then the computer programs and user interfaces may
be refined into a more readily usable "expert system" mode, which could then be tested on a number
of pre-event representative scenarios. The overall framework for this integration of sector-specific
expert systems and the SAM impact model would feed findings from the sector specific
damage/response expert systems into the rapid-build/rapid-response macro-impact model, and
hence inform the planning team in charge of reviewing scenarios and mapping strategies. Using the
various expert systems the relevant event-map could be constructed, which would be evaluated
together with the alternative recovery scenarios, and in this way, something approximating to an
"optimal strategy" formulated. This would include, for example, the priority and sequencing of
medical and housing and other "life-line" reconstruction, as well as longer-term economic and
infrastructure recovery.
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4 Social Accounting - Theory and Testing

4.1 Social Accounting Matrices

The distinctive feature of a SAM is that it places more emphasis on the demand-side of the economy
than does the typical input-output table. In particular, they take account of structural details such as
the size distribution of economic activities, or the socio-economic and other variations across a
community. The utility of this SAM approach for addressing a range of social and economic issues has
been clearly established at the national and regional level in industrial and developing countries, as
well as for small communities such as islands or villages. SAM's allow the interrelationships between
structural change, for example, that which follows a disaster such as an earthquake, and the situation
of particular social groups or economic sectors to be explored.

Since their innovation, input-output tables have been extended in a many directions. The extensions
which are directly relevant to the kind of system proposed here, include the work of Richard Stone
whose proposals for internationally compatible social accounting laid the foundations for the social
accounting matrix work of Pyatt, Thorbecke, Adelman and others. In addition to their application to
localized small communities, the extension of the demand side of the models to include details of
different kinds of household, by level of income or occupation or ethnicity is especially important
because the distribution of impacts and the speed of recovery from disasters are closely related to the
culture, and social and economic status of households. The new methods which have been developed
to construct tables necessary since there is unlikely to be an up-to-date (or any) table available for any
given small localities which suffers a natural disaster. In this situation, what is needed is the ability to
very rapidly construct a table which describes the essential details of the local economy as it was prior
to the disaster, to assess the likely effects on the economy as a whole of the specific damages to
activities, and to explore alternative strategies for economic recovery. For this last purpose new
methods of incorporating the impacts on an economy of dramatic change are relevant.

The most elaborate economic models available to planners combine input-output modeling (to
describe the structural relationships) and econometric modeling (to describe dynamic relationships
such as technical change and investment). However, such models tend to be very intensive of data and
take many years to build (usually as part of general planning exercises). Although some attempts have
been made to evaluate recovery strategies from earthquakes and other disasters, and their
construction may be cost-effective in the circumstances of a major city in Japan or the United States,
few such models exist for most disaster-prone areas in developing and many of the industrial
countries. Because of this, the aim here is rather to enable post-event construction of pragmatic tools
for aiding in the recovery process for these less fortunate areas.

4.2 Economy-Wide Impacts and Multipliers

Input-output models are primarily used to calculate the economy-wide impacts of changes to specific
parts of an economy. The underlying theory behind this calculation is rather intuitive: It assumes that:

i) the economies of small regions are driven by the income they receive from outside, such as export
earnings from trade or development aid, and

ii) the overall impact of this income on the region (or changes in income) depends on the extent
to which income is recycled in the economy through transactions between producers, households and
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government.

These assumptions are illustrated by Figure 5 opposite which shows how income from outside the
region is recycled many times within the domestic economy, through many different channels. For
example, an initial boost in income to a particular household or population category leads to purchases
from local businesses, taxes to local government, new income to workers and households and so on.
This leads to the so-called "multiplier" effect. Since, at each recycling, a certain amount "leaks" back to
the external economy (in payment for imports etc), the contributions from successive loops declines.

If the economy is conceived of as a single sector then an external or exogenous change, dx, will lead to
a total change of income to the economy of
dy=58x(l+a+a’+a’+....)
=8x/(1-a),
where a is the fraction of the new income which is re-cycled in the local economy. Thus, the fraction 1 -
a "leaks" out of the local economy. The attraction of the input-output method is that this expression
may be generalized to the multi-sector case, so that Y and X are vectors measuring the impacts on
income, employment for each sector
dY=38X/(1-A)
and A is the matrix of expenditure propensities as measured in the input-output table. The technical
difficulties in applying input-output analysis arise here because all economies are multi-sectoral so that
the internal and external links in even the smallest regional economies are quite complex. In addition,
the smaller the economy, the less readily available are the data required to construct the table.

In most input-output analysis, it is necessary to decide what might reasonably be included as recycled
income. Most calculations adopt a "Type II" method whereby local expenditures by businesses and
households are included but expenditures by government and investors, and by extra-regional actors
(such as national government) are not. These last expenditures are excluded because they are
deemed to be "unreliable". In any case, if all expenditures were recycled (ie. a = 1) the multipliers
would be unrealistically large. Importantly, Type |l calculations are clear-cut and straightforward, and
by closing the model in different ways it is possible to understand the contribution of different types of
transaction in an economy to its overall behavior. Although the timing of the downstream impacts are
not made explicit in these calculations, it is usually implied that the full consequences of an event
would be felt by the end of the first year after the event.

This Type Il approach may be insufficient in accounting for the effects of economic disasters because, i)
in many cases it may be necessary to take better account of the role of public and other income and
expenditures, and ii) the timing of events may be critical after an event. Both are especially important
in order to "explain" the behavior of an economy following a disaster, and to account for the
distribution effects within economies, especially when these are mediated by government (for
example, through welfare and relief programs). Other types of models, in particular econometric
models, do include temporal effects, but are generally considerably more complicated to construct and
solve, and require a very detailed and precise empirical situation. Moreover, their primary use is to
forecast economic trends rather than the impacts of one-off events, which is the special forte of input-
output models.

4.3 Transaction Lags and Delayed Impacts

The above input-output theory has been extended in a way which takes account of transaction lags -
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that is the time it takes for actors to adjust their expenditures to changes in their income. This allows
the behavior of all actors to be included and also allows the timing of events associated with a disaster
and recovery program to be more easily introduced into the model. With this lagged input-output
method, the increase over time in the impact of a single event or of series of events (comprising the
disaster and recovery strategies) may be estimated. In this case, the impact up to a time horizon T is
given by,
SY(T) = 8X(T)/(1 - A(T))

where A(T) is the marginal vector of expenditures. One aim of the project is show that this elaboration
can improve the forecasting of the impacts following a major disruption to an economy.

Since, the goal is to achieve the simplest useful method, several approximations will be tested. For the
"full" method the of events leading up to the disaster, the disaster itself and the post-disaster recovery
are fed into the model in a sequential fashion. This is usually on a year-by-year basis, although
increments may be monthly for exploring the more short term effects of a disaster.

Thus, events in the first year T1 contribute to a stream of events in following years, which are
combined on an annual basis with the stream of events from the second year T2 and so on, to provide
the net impact in some future year T. Schematically,

SY(T) = 8Xa1(T1)/(1 - A(T1)) + X2(T2)/(1 - A(T2)) + etc

The results presented later show that this approach may be necessary for a useful empirical prediction
of the year-by-year impacts of a disaster.

The results will also show that, for some predictions, this expression by be approximated further. For
example, to calculate the combined impact of the disaster and recovery at a given time horizon the
impact may be found as the sum of events each taking place at some specified time before the
horizon. In other cases, it may be sufficient to simply attribute the same horizon to all events. In the
later empirical studies, the impacts calculated by each approximation are compared with each other
and with the standard Type Il method. In some cases the approximated methods are used simply
because the data are insufficient to test the more elaborate methods.

4.4 Application to Natural Disasters

The most frequent use of input-output methods is to assess the impact of one-off exogenous changes
to the economy, such as a loss of demand for an industry. In the situation of natural disasters the
technical problems of calculation are compounded because the direct damage to the economy may be
distributed across many external and internal links, thus making analysis more difficult than with
conventional input-output studies.

The lagged method offers a useful way of addressing this complexity since it allows both the extent
and the time phasing of the disaster and recovery strategy into the input-output table. In the event of
a disaster such as an earthquake, a proportion of both the external (or exogenous) and internal (or
endogenous) links of the economy will be dislocated temporarily or permanently. An event may be
totally exogenous. Clearly, if only external damage is sustained, say, the loss of an important food
export industry through flooding or pestilence, then A will be relatively unaffected. This reduces the
level of economic activity throughout the region, even in those sectors not directly affected by the
event as indicated by Figure 6. Even with an endogenous event, there may be only a temporary
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interruption in a particular endogenous exchange process (say, the rupture of a pipeline), whereby the
effects of this event will ripple through the economy long after the damage has been repaired. If there
is more extensive damage within the local economy, then feedback and local multiplier effects will be
greatly reduced. With 8X negative and A reduced, the entire local economy may spiral into decline as a
result of feedback processes in the economy. Schematically, this may be represented by,

SY(T) = adX(T)/(1 - BA(T))

Here, the a and B represent the event matrix which describes the level and timing of the exogenous
and endogenous changes during the disaster and recovery. In the most general case, the event matrix
will be a set of tables corresponding to entries in the original input-output table which specifies i) the
extent of damage to internal and external components, ii) the goal for recovery, and iii) the time scale
for recovery. The details of how a and B are specified required will obviously depend on the situation
under investigation.

A tacit assumption in input-output modeling is that the economy is initially at or near "equilibrium" and
that after a disturbance it will return to a new stasis with all accounts in balance in the current year.
Since economies are constantly changing, in reality the events in any one year will always depend on
the spill-over from the events of previous years. In effect, the "initial" situation is always disturbed.
This problem of model initialization becomes explicit in lagged models. For this reason, the model
tested in this report will be based on data from a period of relatively steady and balanced growth, and
the major disturbances (or events) will be introduced after a pre-event "settling down" period.

In most input-output analysis, the structure of the economy (as measured by A) is assumed to be fixed
over the period of the disruption (for a period of as much as five to ten years). Thus, the multipliers
calculated from A also are assumed to be unvarying. Often this is satisfactory even when the
composition of the economy is changing. There may, nevertheless, be circumstances arising from
disaster, or other on-going changes which must be accounted for in estimating the outcome of a plan.
For example, the disaster may provoke untypical or rapid technical change in sectors formerly using
traditional production techniques. Again, one merit of the lagged method is that it permits these
effects to be accounted for.

The main use of the model is to assist in the planning of appropriate recovery strategies. It is not
unknown for inappropriate recovery strategies to contribute little to the inflicted society, or to lay the
ground for a new disaster. For example, strategies which focus only on short term recovery may leave
the region more dependent on external suppliers of raw materials, goods or capital (even reducing A
further) or leave the economy with regional export earnings which are insufficient to support long run
recovery. A more appropriate strategy would seek to balance the short term recovery against the long
run need to strengthen and replace external income sources and rebuild and enhance linkages within
the local economy. In other circumstances, a strategy may target particular economic goals but ignore
social needs, or be too short term, or even too "successful" so that the society overshoots its capacity
to deal with the pace of change, or sectoral and regional economic and demographic restructuring.

4.5 Overall Approach to Model Testing

The basic adopted approach for testing the model has been:

i) to construct a SAM model for the situation prior to the disaster using available data or adapt
the previously constructed input-output table,
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ii) to construct an "event matrix" which maps the damage caused by a disaster "scenario" onto
the SAM in such a way that its implications can be assessed,

iii) to construct and apply a similar event matrix for the recovery program.

Since the ultimate aim of the project is to provide an easy-to-use planning tool, it is necessary that the
model, and its data requirements and use are a simple as possible. Thus, two additional goals are:

iv) to demonstrate the utility of the matrix building and solving algorithms,
V) through repetitive building and testing to define the set of "expert rules" needed for the final
system.

For present purposes testing a modeling technique involves several steps:

i) showing that the model can represent the data, structure and behavior of the economy and
track a known set of historical trends or "scenario”,

ii) showing that the model can make useful plausible predictions of the outcome of planned or
hypothesized future events,

iii) showing that detailed "disasters" such as the failure and repair of specific activities whether
industries or "lifeline" systems (such as water supply) can be adequately represented.

From an empirical standpoint the testing of the model therefore involves five considerations:

i) the empirical quality of the input-output table - for example, the table may be "full survey"
(based entirely on statistics with minimal adjustment) or a mechanically updated table (based
on aggregate surveyed accounts but with many details scaled using minimum information
loss procedures) or a regional table (estimated using various location theory methods).

ii) the quality of the information about the "events", for example, the extent of the direct
damage to the economy such as the fall in production capacity or its utilization in particular
sectors or lifelines, the purpose and amounts expended by government and private agents
during the recovery program, temporary or permanent changes in the technology or
organization of the economy after the disaster.

iii) the quality of the empirical evidence against which the model is to be tested - this includes
time series data both for the inputs to the model (such as earnings from exports, tourism, or
development assistance) as well as the outputs (such as employment trends) which should
be measured consistently over time. Further, the measures used should be consistent with
each other and with those in the input-output table.

iv) the method used to solve the model - for example, whether events are combined on a
monthly, annual or total basis, multipliers are calculated using conventional comparative
static or lagged input-output methods.

V) the statistical or other criteria used to test the model - there are several mechanical and
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graphical tests which may be applicable, including a straightforward "eye balling" of the
results.

vi) the details included in the table - if the model is to be relevant to the specific needs of natural
disaster planning it must contain relevant details even though there may not be adequate

empirical data to test these aspects of the model.

Each of these considerations requires some judgements to be made as to the quality of data or the
satisfactoriness of the forecasts, none of which are unambiguous.
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5 The "Laboratory" Demonstration - Aruba

5.1 Crisis and Recovery in Aruba

Aruba is small island 20 miles long by 6 wide situated 19 miles from Venezuela (see Map 1). The Island
today has a population of 70 thousand, comprising people from over 40 nations. Formerly, part of the
Netherlands Antilles, Aruba achieved "status aparte" in 1986. Compared to most of the Caribbean,
Arubians enjoy a relatively high standard of living.

While, Aruba is seldom impacted by the earthquakes and hurricanes which regularly wreak great
devastation on neighboring Caribbean Basin islands and countries, in recent years the Island has
experienced "near misses" from hurricanes leading in 1990 to a fatal mud slide on one of its extinct
volcanoes. The Island also lies on the edge of the earthquake prone region along the Boronoco Fault.
Consequently, Aruba has an active Disaster Preparedness Committee which has identified a number of
vulnerable locations, and has prepared a region-based emergency evacuation plan. The regional
organization of the planning system is shown in Figure 7 and Map 2, which also shows the location of
the main regions, towns roads in Aruba.

Despite her relative good fortune with respect to natural disasters, over the last decade Aruba has
suffered a dramatic economic decline of disastrous proportions. This situation followed from the
close-down of her major industry - the Lago oil refinery. This oil refinery, a subsidiary of the Exxon
Corporation had been the principal source of income for the Aruba since 1927. Before this time the
population had been relatively poor eking out little more than a subsistence livelihood. At its peak
during World War Il the refinery is considered to have been the largest in the world and then
employed some 8,000 people directly who immigrated to Aruba from all over the world, together with
many others attracted by the prosperity on the Island. Figure 8 shows how the growth of employment
in Aruba increased in tandem with the employment at the refinery. Even though this direct
employment fell steadily as the refinery automated many of its operations after the war, the high
salaries and taxes paid by the refinery ensured its continuing importance to the Island, and Arubians
enjoyed one of the highest living standards in the Caribbean.

Although, new activities, especially tourism had begun to flourish in Aruba, when the refinery closed
permanently in 1985, the Island lost her most important single economic activity, leading to disaster-
level consequences for the entire economy. The importance of this multiplier effect in Aruba is seen
from Figure 8. Even though, the refinery employed less than 1,300 people directly at the time of its
closing, about 6-8,000 jobs were lost overall. Unemployment on the island rose from a previous 5
percent of the labor force. The total loss in employment directly and indirectly arising from the refinery
was 27 percent with a widespread expectation that total unemployment would reach 40 percent. It
was speculated that a "spiral of decline" would lead to half the population leaving the Island (Croes
(1986).

In the wake of this economic collapse, it was obviously important to create replacement jobs. The
principal means available to Aruba was to accelerate tourism development. An over-riding initial
planning question was simply, by how much would tourism have to be expanded to offset the lost
employment? Because tourism has a much lower job "multiplier" than oil refining, in order to replace
the lost jobs the recovery plan aimed to double the size of the hotel sector above its 1985 level by the
year 1990. This goal was more than fulfilled and the Island experienced a remarkable economic
recovery.
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While the disaster itself was obviously quite different from a natural event, its suddenness, the results
for the economy, and the recovery planning undertaken were not dissimilar. As Figure 8 shows clearly,
the sudden shutdown of the refinery led to a very rapid decline in employment. This stands in contrast
to the stagnation brought about in the post-war period when the refinery steadily reduced
employment over more than a decade, and a decline in overall employment on the Island was offset
through the growth of other industries (primarily tourism). The relative magnitude of the disaster for
the economy was as great as that experienced in most natural calamities and, indeed, the refinery
close down could well have resulted from a natural disaster. Obvious differences are the specificity of
event - the total close-down of a single activity rather than the distributed impact across many
activities as is usually the case with earthquakes and hurricanes - and the somewhat longer notice
provided - months rather than days or minutes. In both cases however the full impacts are felt directly
or indirectly across the entire economy, and there is insufficient time for adequate proactive efforts.
Finally, it should be noted that, although a "man-made" event is used to illustrate the approach, many
external economic events are little better predicted than natural disasters - certainly, at the time, the
Island Government professed great "shock" at the shutdown.

The results of such "spontaneous" recovery plans are also unpredictable, and sometimes bring
problems as severe as the disaster itself. Most commentators considered the Aruba recovery plan to
be extremely ambitious. IBRD86, for example, notes that "it must be recognized that the targets are
highly ambitious in terms of achieving so large an increase in visitor numbers, of attracting from
abroad the capital required for the expansion of visitor capacity, and being able to construct this
capacity in so short a period" and "reducing unemployment to 15 percent by 1995, about half the
present level, would be a considerable achievement". A special survey of tourism prospects in Aruba
(by Panell, Kerr and Foster) was equally despondent, pointing to the high cost of labor on the Island.
The recovery was therefore quite remarkable. Unfortunately, it may have been too successful and
today, because of an unforeseen economic "overshoot", there are many emerging post-recovery
complications, not least a massive wave of new legal and illegal immigration to the tiny island, and
instability in the balance of payments and public sector expenditure programs. Such imbalances are
not untypical of the aftermath of a natural disaster, and Aruba's experience lends credibility to the
argument that disaster preparedness planning should be seen as part of the ongoing development
process and be especially sensitive to the needs of sub-populations, sectors and regions.

Despite her small size, Aruba has well defined geographic regions, which might be expected to be
differently affected by most foreseeable disasters. This was certainly the case with the closure of the
oil refinery. Nevertheless, there are also strong dependencies between the various regions of the
island in terms of "life-line" systems (such as water, electricity) and a good deal of daily commuting
along the length of the Island. Depending on the circumstances, applications of the SAM for disaster
management would focus on the specific region impacted by the disaster, or sub-divide the island into
the distinct regions in order to account for the inter-connections and dependencies between them. To
address these issues is also to tackle the problem of how to construct disaster planning models for
small districts within larger regions or countries.

The Arubian population comprises people of many nationalities and backgrounds. Again, this is very
often true of areas impacted by natural disasters. Moreover, the literature shows that it is necessary
to account for such divisions in planning for areas subject to natural disasters. Typically different
economic groups, because of the areas they live, the type of buildings they live in, the work they do, or
their access to supportive social networks or public relief, are all affected differently by disasters and
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the recovery effort. In order to understand these mechanisms, the present project has investigated
how different populations in Aruba responded to the disaster and recovery, and the outcome for the
Island's demography.

As with any "disaster technology" some experimentation is needed away from the site of an on-going
trauma. On balance, the circumstances of Aruba offered a relatively straightforward set of events and
policy responses against which to test the SAM methodology. In fact, it is often difficult to test
economic models precisely because a "clean" situation where the trends are not affected by many
simultaneous events are not available, or in the event of a major natural disaster, monitoring
economic and social developments is problematic at best. Even in Aruba, the data are far from ideal.
For example, public concern with both the economic crisis and recovery process contributed to two
changes of government, which in turn led to discontinuities in the collection and processing of
statistics. This situation was exacerbated by the Island entering into a pre-independence "Status
Aparte" with the consolidation of Central and Island administration in Aruba. With each change
potentially valuable information was lost. On the other hand, the new arrangements, in conjunction
with missions from international agencies (World Bank, IMF, UNDP and UNESCO) and the Central Bank
of Aruba, have led to a general improvement of the quality of island based data and analysis in Island
Government Departments.

Since tourist-dependent economies are especially vulnerable to natural disasters (witnessed, for
example, by recent events in St Croix), the safety of this industry is now a primary concern of the
Arubian Disaster Preparedness Committee, as indeed it is to many islands and disaster-prone regions.
Consequently special attention is focussed on the situation of this industry in the present study.

For the various tests, several versions of the SAM based on 1979 and 1990 data are used to re-
calculate the impact of the "disaster" on the Island, and to re-estimate the resources required for
economic recovery, as well as current "post-recovery" plans. As far as possible, the forecasts from
each of the models is matched against the relevant "disaster-recovery" scenario experience of Aruba
over the last decade. Although disaster preparedness in Aruba is organized on a regional basis - in
general - in Aruba and elsewhere - the appropriate way to evaluate the impact of a natural disaster will
depend upon the type of disaster and the community affected. It may be most appropriate to evaluate
the impacts from any one of several perspectives - regional, sectoral, social, or cultural. The present
project shows that it is possible to construct models with all of these subdivisions rather rapidly for
Aruba using the available data.

Overall, Aruba has provided a valuable opportunity for testing the SAM techniques in view of i) the
recent history of the Island, ii) the relative availability of data, iii) an expressed interest in the project by
the Disaster Preparedness Committee, and iv) the project team's familiarity with Aruba including the
construction of a SAM for the island.

5.2 The 1979 Aruba SAM Model

The 1979 Aruba SAM model was constructed in 1982-3 but was based on data for years around 1979,
this being the most suitable at that time. The method used to construct this model are described
elsewhere - it is relevant to observe that the quality of the data are, on balance, comparable in quality
to that used for most of the region-level input-output tables in North America and Europe which are
used in practical policy making.
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The supply side and factor cost entries of the 1979 SAM were based on the 1979 and 1980 Surveys of
Business by the Central Bureau of Statistics of the Netherlands Antilles. This covered most large firms
(more than 10 employees) and a 10 percent sample of small firms. The principal inter-industry
transactions, between the oil refinery and public utilities and the tourism sector and local industry,
were based on company records and the 1980 Aruba Tourism Plan. Demand side entries were based
on the 1973 Household Survey updated by Consumer Price Index data, and Public Expenditures were
based on budgeted accounts of the Island and Central Governments. Trade and financial flows data
were provided by the Central Bank of the Netherlands Antilles (Aruba). Other data were provided by
the Labor Department and the Department of Economic Affairs.

By the standards of regional input-output model construction in metropolitan countries, the Aruba
social accounts correspond to a "full survey" input-output model even though some entries were
imputed from other Caribbean islands, and not all data were surveyed in a single year. In general, it is
obvious that since data come from different sources or are collected at different times, they will not all
agree. For example, the income declared by households to the Tax Department, or reported in the
Census of Population is unlikely to equate with what is recorded in the Survey of Businesses, even if
each was available for the same year. In general, it is necessary to "reconcile" the various data to
match the most credible data for a given year. It is emphasized, therefore, that despite the desirability
of using surveyed data in the table, the uncertainties which remain may lead the model to over- or
under-estimate the impacts of a disaster of recovery. The possible magnitude of these uncertainties is
now briefly considered.

First there are errors which arise in reconciling the data within a given year. For example, the 1979
Survey of Businesses sought a 100 percent sample of large firms (10 or more employees) and a 10
percent sample of small firms. Since the large firm sample was reckoned to be complete, the small
firm sector was scaled to bring total employment figures by activity up to the official totals, as shown
in Table 4. Typically, this involved increasing the number small firm samples by between two and five,
a considerable amount. The degree to which this affects the final results depends on how different are
the technologies used in the small and large firm sectors, since this will determine how much income is
recycled in the local economy, and how many people will be employed for a given increase in output.
In Aruba, the ratio of wages to output (a crude measure of the share of income which is recycled) and
the employment output ratio both vary by up to a factor of two between the large and small firm
sector. Because of this, the scaling the data to the official employment figures changes sector wide
technologies by up to 10 percent. Since the actual size of the small firm sector in Aruba is not well
known (because it overlaps with the informal sector), the errors in aggregate technologies are likely to
be of similar magnitude.

Second, comparing samples between years also gives some indication of the possible error arising
from table construction. In Aruba, the Survey of Businesses was repeated in 1980. There are
differences of around 20 percent between the measures of technology in the 1979 and 1980 samples,
despite the fact there were no major changes in the Island over this period. The differences arise from
variations in the actual firms sampled, year-to-year shifts in the fortunes of individual firms, and in
some cases the movement of firms between size categories. Obviously, then, the structure of an
Aruba table constructed from the 1980 sample would differ from the 1979 SAM and would provide
somewhat different results. It should be noted here that input-output calculations usually assume that
the structure of an economy is fixed over the period that the impact is measured, and assumes it to be
initially in "equilibrium".
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Despite the above, the key structural characteristics of the Arubian economy are unambiguous. The
SAM for Aruba presented in Table 5 shows that in Aruba, as in most islands and regions with "open"
economies, there are relatively small feedbacks via the production side of the economy. The major
contributions are the mutual purchases between the life-line sectors - electricity is generated using
fuel from the refinery, electricity is then used to distil sea water, and water and electricity are then
purchased by the refinery. Since, almost all industrial and domestic water used on the island is
obtained in this way, this lifeline system is vital to the economic health of the Island. This lifeline
system apart, most feedback from and expansion (or decline) of production comes through household
and public expenditures being returned to the local economy.

Although some new and more reliable data for 1979 are now available for Aruba, the spirit of the
present exercise suggests that only data which was available prior to the disaster be used. Therefore,
for the initial demonstration here few changes have been made to the original social accounts,
primarily to reorganize the data into a form more easily compared to the data which is subsequently
used to scale the model to the available 1990 data. The version of the 1979 model to be used in the
initial forecasting exercises is shown in Table 2. The table shows the main activities for which data are
more or less regularly available. The shaded area is reserved for additional information pertaining to
specific sectors or recovery projects.

5.3 Pre-Event Forecasts of the Refinery Shutdown

The 1979 Aruba SAM was used to calculate the island-wide impacts of a hypothesized shutdown of the
refinery and required new level of tourism to facilitate economic recovery as a part of the preparation
for the First Aruba Macro-Economic Plan. (Because the results were judged by the Arubian authorities
to be inauspicious for the forthcoming independence negotiations with Holland, they were presented
only in the 1982 preliminary draft of NDP83). The results are shown in Table 6.

There was obviously no data available at that time to check the predictions, although post-facto it
appears that the tentative calculations were reasonable, and in line with the actual loss in
employment. In addition, the above findings suggest that it would be necessary to expand tourism by
about 80 percent in order to compensate for the employment loss arising from a total shutdown of the
refinery. This exercise showed that even the simple SAM model could give reliable aggregate results.
The present project attempts to provide a more comprehensive and rigorous testing.

5.4 Appropriate Testing Criteria and Precision

In beginning to demonstrate the model, this report focusses on the following:

i) using a modified version of the previously constructed Aruba SAM for 1979 to "predict" the
employment and GDP data for the Island from 1979 to 1990.

ii) constructing a new SAM for the Island for 1990 by scaling the 1979 model against available
more recent data,

iii) using this 1990 model to simulate the consequences of various plans and policies.

Although this agenda may appear straightforward, in practice it turns out to be very complicated, if not
impossible, to fulfil in a conclusive way. Indeed, because of the difficulty in the practical situation of
most small economies and regions of separating out the effects of individual economic events, there
appear to have been no other such detailed efforts to test an input-output model, in Aruba or
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elsewhere. To this extent, the present project also serves to test the reliability of input-output models
in general.

Standards of precision vary and "what is acceptable" depends on data quality and policy applications.
Since the aim of the project is to develop adequate planning tools speedily and cheaply, this
determines that the approach to construction and testing must be somewhat opportunistic and
pragmatic. With respect to construction, the method must be flexible, and be able to incorporate the
judgements and requirements of the policy makers, planners and victims involved in the recovery
process, even when these contradict "statistically significant" data. With respect to testing, the quality
of the available data for Aruba does not justify using a statistical testing procedure, results will be
evaluated simply by comparing the empirical and forecast trends.

While the present project does not require that the Aruba SAM constructed is of sufficient quality for
policy purposes in Aruba, it is required to demonstrate that the methods enable a satisfactory policy
oriented disaster planning model can be built. Similarly, it is necessary to test the model against actual
past and proposed policies and concerns, and to check its forecasts against those of other
governmental and international agencies (such as the IMF), and to report any policy relevant results.
This may be considered a minimal quid pro quo for the privilege of conducting research on the Island,
and gaining the cooperation of the individuals concerned. The data used in the model and the findings
presented here have been discussed with the relevant authorities in Aruba. One test of a "policy"
model is that policy makers should express some degree of confidence in its results. The discussions
with the Disaster Preparedness Committee and the Central Bank of Aruba have been especially
encouraging.

It is evident that in the practical circumstances of constructing a SAM for a region in the throes of a
natural disaster, there would be little time or opportunity to collect fresh data (except on the extent of
damage), and model construction will be based on whatever statistical information is to hand, and will
also have to depend on the judgements of local officials. As far as necessary the construction of the
new Aruba 1990 SAM has attempted to simulate the constraints on time and data in a disaster
situation. In particular, the initial data collection and model construction for the 1990 SAM was
deliberately restricted to a matter of weeks. In contrast, the testing of the model has taken several
months.

Obviously not all circumstances of an ongoing disaster can be replicated. Generally, conditions are
likely to be far more difficult. In some cases, however, it may be that the speedier model preparation
would be facilitated. For example, under normal circumstances government departments and private
agencies may be hesitant to release data but that following a disaster some information may be more
readily available as all groups rally to the recovery effort.
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5.5 Relevant Social and Economic Categories

For many purposes, including especially disaster relief planning, it becomes necessary to incorporate
details in order, for example, to examine particular structures, sectors or population groups, and their
relationship with the rest of the economy, and how each might be mutually helped. Even so, since
detailed models soon become cumbersome it is necessary to restrict detail to the essentials. The aim,
of course, is to devise the simplest useful tool.

With respect to the predictive ability of models with different levels of detalil, it is sometimes the case
that very detailed multi-sector models do not predict aggregate trends (such as GDP, Gross Domestic
Product, or total employment) any better than do aggregate macro-models simply because they are
more detailed. However, the SAM model for Aruba might be expected to predict gross trends in Aruba
better than the four equation IMF model currently used by the Central Bank, because the latter does
not account for even such important details as the difference between the import requirements of
hotel construction and government investment or household consumption.

For Aruba, in addition to the tests of the basic model, there are several possibilities for sub-dividing the
economy and population beyond the categories originally included in the 1979 model, using data from
the 1981 Census (most of which was not available until after 1983). In order to make results more
relevant to the evaluation of natural disaster recovery planning, the industrial divisions of economy
may be divided according to the size of businesses, or the economy may be sub-divided according to
its major geographic regions, or the skills and background of each of its principal population groups. All
are relevant to the aftermath of a natural disaster, and to subsequent re-structuring and development.
The literature shows that the most important economic and demographic features of a region are
correlated with its geography. Similarly, the informal sector is an important source of income,
especially to low income and minority households who are often the most seriously affected by a
disaster. For the present demonstration, the Island is sub-divided in each of the following ways.

i) Basic Social Accounts (1979): island-wide economy with standard sectors with households
subdivided by income

ii) Regional Accounts (1979): four inter-linked regional economies with standard sectors and
aggregated households

iii) Cultural Accounts (1979): island wide economy with sectors sub-divided by size of firm and
households sub-divided by economic-culture

iv) Social Accounts (1990): island-wide economy with standard sectors with households

subdivided by income

The most detailed tests will be carried out with i) and iv). The classifications of ii) and iii) are used to
demonstrate the importance of alternative classification schemes. The additional information required
to construct the Aruba Cultural Accounts Matrix (CAM) and Regional Accounts Matrix (RAM) were
based on the 1981 Census of Population (published after 1983), information from the Aruba Chamber
of Commerce and the Department of Social Affairs, and the 1987 Survey of Businesses by the (Aruba)
Central Bureau of Statistics. Unlike the original 1979 SAM, the main aim with these models has been
to develop and demonstrate the "mechanical" scaling methods to be incorporated in the expert
system an illustrate a range of potential applications, rather than to establish detailed empirical
models for the Island of Aruba.

5.6 Quality of Trend Data (1979-1990)
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The possibilities for testing predictions of any model are limited by the available historic data. Indeed,
the island of Aruba was selected as the laboratory demonstration because,

i) it offered a reasonably "clean" situation of a single disaster affecting the economy of a well
defined region,

ii) Aruba is both and island and a nation, so more data are available than for most other similarly
sized economies and populations

iii) the data in Aruba are relatively reliable and comparable in quality to other small nations,
regions and islands.

Despite this, the principal problem in testing the predictive performance of this model has been to
assemble a satisfactory historical record. The principal published sources used are summarized in
Table 7. Despite the apparent wealth of information, in order to provide a satisfactory data base,
certain gaps in the historical record, ambiguities and biases had to be resolved.

Although there is universal agreement in these reports that the shutdown of the refinery was a
"disaster", unambiguous information as to its impact are not available. It is not difficult to find
comments such as "There are no reliable statistics on employment, labor force participation rates and
unemployment.... the labor statistics may contain an error of as much as 5 percent (World Bank, The
Economy of Aruba: Adjusting to Changing Conditions, May, 1986, IBRD86) or "Available data pertaining
to the finances of the Island Government..are not uniform, they are sometimes based on cash, or the
payable, or the transactions basis" or the "virtual absence of GDP data for Aruba" (IMF, Financial
Balance of the Island of Aruba, June, 1985, IMF85). In practical terms, the assessments by the
international and Island government agencies about the quality of official statistics in Aruba are
certainly pertinent for the fine tuning of balance of payments and government deficits which is often
the primary concern of these agencies. Despite these remarks, the recommendations for recovery in
the reports were made on the basis of the data available at the time of the crisis and were used in
formulating the Island's recovery plan.

While such comments paint a somewhat bleak picture, the annual data for Aruba are not worse overall
than the national time-series statistics for many high income developing countries, nor worse than
those for many small regions in metropolitan countries. For example, while employment statistics in
localities in the United States are probably better than in Aruba, annual data on population flows are
non-existent and detailed inter-regional trade and population flows data, are virtually un-known. For
Aruba, a more pervasive complication is that there are often several seemingly contradictory
measures for the same item, and during the last decade, some data for some years are simply missing.

These complications arise for a variety of institutional reasons. In particular, in 1986, one year after the
shutdown of the refinery, the Island became independent from the Netherlands Antilles (an island
federation, now comprising Bonaire, Curacao, St Eustatius, St Martin, and Saba). Former Central
Government functions in Aruba were consolidated into the Island Government. In this transition,
ministerial responsibilities, personnel, survey instruments, and definitions were changed. Some data
were simply "mislaid" or retained by the Central Government. A similar phenomena arises each time
the party in Government in Aruba changes. This occurred twice during the period of crisis. Lastly,
attempts by the various international agency missions to the Island to assemble or re-construct data
usually lead to revisions of earlier estimates. Beyond this, a recurrent feature of small nations is that
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the best technically qualified public officials often move to the private sector or are recruited by
international agencies. A considerable effort was put into gathering the information with the
assistance of the relevant agencies, personnel, and ex-officials, and the Aruba National Library. Evenin
1991, when this research was conducted, the data situation was unresolved and controversial. For
example, a senior official in the Labor Department considers that the "employment data may be in
error by as much as 25 percent", a view which is rejected by an equivalent official at the Central Bank
of Aruba. (The fact that the more pessimistic view may be linked to a strong desire by the Labor
Department to upgrade its computer facilities, while the Bank is obliged to make prescriptive forecasts
may provide some insight into these differences of opinion).

In practice, the major structural changes arising from a disaster is relatively could be forecast with
relatively poor data. However, to demonstrate the detailed predictive abilities of the SAM, demands a
more reliable and extensive set of data. For example, in order to explore whether the model predicts
well the trends in employment by sector, occupation or region, it is necessary to have regular surveyed
data for the periods before and after the disaster. It is preferable, for example, that definitions are
consistent between sources and across time periods. In most cases, for the Arubian economy as
whole, it has been possible to reconcile employment data, and even to estimate the extent of
unofficial informal sector activity and illegal employment, sufficient for the present exercise.
Unfortunately, this has not been possible for regional employment estimates which appear to be quite
inconsistent. Similarly, reliable data on the timing of event are also needed to clarify the relative merits
of different possibilities for model construction and solution. This is necessary, for example, to help
evaluate details which may add to model performance, but require a more elaborate calculation, such
as the use of the time-lagged input-output method. In principle, this is possible on a month-by-month
or even a day-by-day basis. The model has been tested to the limits of the data and time available.

5.7 Planning under Crisis - Models and Institutions

Although the broad outlines of the consequences of the shutdown and recovery are evident, a
considerable effort is required to establish a usable data set against which to test the impact model.
Some indication of the general sense of empirical chaos and economic uncertainty in Aruba
immediately prior to, and after, the shutdown is seen from Figure 9 which shows all the available
Gross Domestic Product (GDP) estimates and forecasts during the period 1979-1990. These data have
been extracted from a range of reports by Arubian government departments and international
agencies as described later. They are measured in Arubian Florins (AFl).

The uncertainty is especially apparent with respect to the forecasts for the GDP forecasts shown in
Figure 10. Even after all GDP values have been adjusted to constant values (ie. deflated to AFI 1979),
there is still considerable variation in expectations during and after the crisis. The forecasts of
employment shown in Figure 11 are less varied, but were essentially made incrementally for a few
years at a time, following the constantly unfolding expectations for the recovery. All these forecasts
(except NDP83) took into account the shutdown of the refinery. Obviously none were based on a
precise knowledge of what the actual level of hotel construction and tourism revenues would turn out
to be, although a general goal of "doubling tourism by 1990" was set, this appears to have been a
moral boosting exercise and it is fair to say that most observers considered this target to be
exceedingly optimistic. The GDP forecasts before, and immediately, after the closing of the refinery
painted a very gloomy picture for the Island's future. The DEACI84 forecast, for example shows GDP
falling to nearly Af 400 million in 1986, and even the IMF85 and NDP86 forecasts setting out the
recovery plan predicted that GDP in 1990 would be below Af 550 million, still well below the 1979
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figure.

The corresponding employment forecasts made during 1984-6 suggest the number of jobs on the
Island could fall to as few as 17,000. The recovery plans deliberately sought expansion through tourism
because it is a very labor-intensive activity. Projections for employment were therefore more
optimistic than those for GDP. The NDP86, for example, suggested that employment might reach
24,000 by 1990. The IMF85 suggest that employment by 1988 would be 20,700, still some 2500 short
of the 1984 level.

As noted above, the recovery was dramatic and well beyond the expectations of the forecasts. With
support from the international lending agencies (most especially, the IBRD), and with tough marketing
by ministers, but primarily by guaranteeing investors against loss, the successive Island governments
persuaded international financiers to build new luxury hotels on the island. The key to their success
appears to have been the tactic of claiming that Holland would underwrite the losses (whatever, the
Kingdom's stated policy). With this "Dutch connection", once the first major deal was struck, "the
money kept rolling in".

By 1988 it became apparent to the IMF that the economy was moving rapidly out of recession and
instead had looming problems of "overshoot", with a structural balance of payments deficit and a
politically unacceptable level of immigration and change. The Government in power was voted out of
office. Belatedly, by 1991, the new Government proposed a moratorium on new hotel construction in
its Capital Expenditure Plan (CEP91).

The most recent forecasts for the Island beyond 1990 in CEP91 expect the Arubian GDP to increase
from the present AFI 1,000 million, but level off at just below Af 1,100 million by 1995 when the
moratorium on tourism expansion takes full effect. (By this time, according the forecasts from the
1990 Aruba SAM model, the employment on the Island may well have climbed to 25 thousand above
the 1986 level.)

Over the last decade, although at least four economic planning models have been developed for the
Aruba (by ITEO, UNDP, IMF and the CBA) none of these appears to have been used effectively to guide
the recovery plan. Even so, only in part, did the lack of reliable empirical base contribute to the
inability of the Island government to measure the effects of the crisis, or plan for a more balanced
recovery. Equally important for explaining the failures of forecasting are institutional factors related to
the process of independence, the crisis itself, and the internal workings of government, and its
administration. Obviously, these are not variables of the disaster planning model, but unless a model
can be well situated within the policy process, it is unlikely to be useful, whatever its forecasting
capability.
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6 Empirical Issues - Establishing Historic Trends

6.1 The Disaster and Recovery Scenario

The basic "scenario" used to evaluate the model is as follows:

- Pre-Disaster: In the period from 1979-85 the Island received especially high corporation taxes
from the oil refinery and Government spending increased steadily. In this period tourism also
was growing rapidly. However, in 1983, with problems in the neighboring Venezuelan
economy, income from tourism began to fall, and by 1984 the Island's economy also began to
stagnate - even prior to the shut down of the refinery.

- Disaster: When the oil refinery closed in 1985, Aruba lost its single most important economic
activity. Although the refinery employed only about 1300 people directly at the time of the
shut-down, some 6000-8000 jobs were lost overall and many people left the Island.
Unemployment on the island rose greatly despite considerable out migration from the Island.
To curtail this rise, rather than adopt IMF recommendations for reductions in public sector
employment, the Government introduced wage cuts.

- Recovery: The Island Government's recovery plan required that the tourism industry on the
Island should more than double by 1990. Against all expectations - especially since the
tourism industry was itself experiencing a slowdown - this target was achieved. Largely as a
result of a massive hotel construction program, the Island labor force has now grown to
between 26 and 29 thousand with considerable (return) immigration of Arubians and others.

- Post-Recovery: Present plans and trends are now set to nearly double the level of tourism
again by 1995, with the likelihood of further massive immigration. This has led to a
widespread concern about the future "cultural identity" of the Island. A moratorium on major
new tourism development is planned. There is also a concern about that the Island is now
overly dependent on tourism, and the repercussions should the this industry be damaged
through natural or other disaster.

As explained earlier, the approach used here to test the model is predicated on the basic assumption
of input-output modelling that economies are driven by outside events. This is substantially true for
Aruba - in the past the economy was driven by the income from the oil refinery; today it is largely
driven by revenues from tourism. External development assistance too may be counted as a driving
force to the economy. As the level of these revenues changes so does the economic activity
throughout the economy. The approach to testing the model then is to feed variations in these items
into the model and calculate the impacts on the economy as a whole. In this sense, the forecasts
made by the model are not true predictions - since the principal events determining the changes to the
economy, such as the shutdown of the refinery or the increase in tourism revenues - are fed
exogenously into the model. Nevertheless, this test is consistent with the model's purpose which is to
study the implications of given disaster or recovery scenarios, or any set of external economic changes.

6.2 The "Event" Matrix for the Scenario
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In order to simulate the economic restructuring over the period covered by the scenario, the
exogenous data are fed into the model via an "event matrix".

For the above scenario, the event matrix is simply a table showing the annual changes to the level of
output of the directly affected sectors of the economy, in particular, the oil sector, tourism and hotel
construction, and public spending. These changes roughly correspond to the four phases of the
disaster and recovery scenario. Events are measured in constant 1979 AFI relative to the 1979 level of
activity. This specifies:

i) an initial increase above the 1979 level in Government expenditures following an increase in
corporation tax paid to the Island by the refinery,

ii) a decline in real tourism revenues after 1982 (relative to 1979),

iii) an end to refinery activities, predominantly in April 1985,

iv) an increase in tourist oriented infrastructure and hotel construction between 1986 and 1992,

V) a sustained tourism boom beginning in 1986 (and projected to continue beyond 1990).

In this case the basic event matrix is relatively simple to construct since it affects only the total levels of
output of each sector, rather than transaction entries within the input-output table. This simplified
event matrix is given in the upper part of Table 8. This table also shows a number of adjustments to
this basic scenario which take account of specific private and public policy choices with respect to
employment - in particular, the choice of technology used in hotel construction and the decision by the
Island Government to maintain public sector employment through the crisis. These adjustments are
shown in the secondary event matrix. In addition to these primary events, there are other smaller
changes, for example, exports (and re-exports) of goods not related to oil or tourism, and earning from
off-shore financial services. The importance of each of these items will be considered separately.

For purposes of comparison with later results, these primary "events" also are shown in Figure 12
opposite. The corresponding total direct shifts in employment which will be used to adjust the initial

forecast with the model are summarized by Figure 13.

6.3 Variables to be Predicted

As indicated earlier, an input-output type model can provide very detailed estimates of the
consequences of economic change. In the case of Aruba, the impact of the refinery shut down and the
recovery program may be compared with the available statistics at several levels of detail:

i) economy-wide totals (eg. employment, GDP or household income),

ii) sector or activity specific (eg. employment in retailing, small businesses, government
spending),

iii) social and regional (eg. the income of selected households, or employment by occupation or
education),

iii) marginal variables (eg. balance of payments, investment or the government deficit).

The initial tests (described below) attempt to track the aggregate trend for employment and GDP
between 1979 and 1990. The principal aim here is to match changes in the overall level of
employment and GDP, and the timing of responses. These tests are designed to clarify whether the
lagged input-output model used for the project performs any better than the conventional input-
output method.
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The testing of individual activities - which might also help to clarify further the relative merits of the
lagged model and also help to estimate some of the lags, is considered later. It is to be expected, for
example, that the expansion and contraction of the (downstream) consumer sectors (such as retailing
and personal services) always lag behind the expansion and contraction of the driving sectors.
Similarly (but more contentious), government spending might behave in a similar way.

Marginal items, such as the balance of payments, are clearly the least likely to be well predicted or
tracked by an input-output model since they depend on factors external to the island economy. It is of
interest nevertheless to test the model against the available data, especially this is a topical policy
issue in Aruba, with some commentators debating whether the present recovery has not already sown
the seeds the next disaster!

In summary, five sets of tests are presented here.

i) A version of the SAM based on 1979 data is used to "track" aggregate employment and
income trends in Aruba through the recession and recovery from 1979 to 1990. The
predictions are compared for lagged and un-lagged models,

ii) these are also tested against the available statistics on employment by sector for specific
years, including a special survey of unemployment by region and level of education,

iii) the impact of the shutdown and recovery on regional employment (using the regional
accounts) and on the occupational and ethnic populations (using the cultural accounts),

iv) a version of the model based on 1990 data is used to "backcast" employment growth from
1986 to 1991,

V) the trends are projected to 1999 on the basis of official expectations for tourism and
proposed public sector capital expenditures. The consequences for balance of payments, and
the possibility of a new "crisis" arising out of the recovery plan are reviewed.

6.4 Establishing Past Employment Trends

The growth and decline of employment by the refinery, and its long-run impact on total employment
in Aruba were suggested by Figure 8 earlier. Unfortunately, for much of the Island's history over the
last 50 years, satisfactory continuous employment data are available only for the oil refinery, with
occasional surveys of Island-wide employment and the decennial Census. Even, for the period of
special interest for the present study between 1979 and 1990, there are several ambiguities to be
confronted.

Several of the published historic data for this period are not based on surveys, but are prepared in the
same manner as "forecasts" using economic models. As an initial exercise, therefore, it was essential
to separate the primarily survey based estimates for these years from the interpolations and forecasts.
Even for more recent years, the quality of the employment statistics for Aruba is uneven. In order to
establish the most reliable data set, and to understand the limits of the data, all documented sources
were consulted and a number of interviews conducted with government ministers, officials, managers
and workers. The principle published sources of employment estimates and forecasts were given in
Table 7.

The employment trend statistics extracted from these sources is shown in Figure 14. After reviewing
and comparing these data, the levels employment in each phase were judged to be as follows:
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For the pre-event phase, annual statistics from the Labor Department are available for years up to
1981, and for 1981 from the Census of Population. There are no reliable data on employment by sector
for the key years between 1982 and 1985, although IBRD86 notes that "The unemployment rate
between 1981 and 1983 is estimated to have increased from 9.4 percent to almost 15 percent".
DEACI84 sets employment at 23,250 for 1984. Other data for this year given in DEACI87 based on Tax
Department records indicates 26,800 full and part-time employees. To obtain interim data for these
years and to establish levels of employment immediately prior to the shut-down, aggregate
employment figures have been prepared:

i) employment in the years 1981 to 1984 has been (re)-constructed from the "IBRD86"
estimates of value added by sector by scaling employment data by sector from 1981. The reliability of
the employment figures so obtained for 1982 is questionable since the trend for earlier years shows
excessive growth compared to the surveyed data presented in NDP83. It is possible here that the
increased demand for labor (suggested by the increase in sector income) was satisfied in the then
near-full-employment economy by increasing working hours rather than taking on new employees. By
1983 the economy had begun to slow down and for 1984 the method gives a total employment of
about 23,500, which is close to the DEACI84 figure.

ii) the Tax Department data for 1984 given in DEACI87 also have been adjusted, to convert part-
time employment to full-time - indicating a total of only 21,500 labor years. Since all four available
estimates for 1984 are derived from the same survey, it is evident that differences in the definition of
employment in the in the various statistics cannot be ignored. This is important for the present study
since input-output models predict changes in the demand for labor on the basis of current (or
assumed) productivity, following the definition of employment used in the model. Thus, a predicted
increase or decrease in employment may be masked by short-time or over-time working or the
unrecorded use of labor in both the formal or informal sector.

For the event phase of the scenario, the published data for the depths of the recession from 1985 to
1987 also appear to be ambiguous. NDP86 gives a figure of 19,300 for 1985, considerably lower than
the subsequent IMF90 figure of 21,000. CBS87 surveys for 1986 and 1987 record employment at
17,400 and 18,500 (after adding public sector jobs). There is also ambiguity with respect to
unemployment. IBRD86 states this "deteriorated further with the closing of the Lago refinery, when
the rate reached over 32 percent" (IBRD86). More recent official estimates put unemployment
between 1983 and 1985 at 20 percent of the labor force (IMF90).

Most data suggest that the turning point to recovery from the recession appears to have begun in late
1986. The CBS87 survey shows a slight increase in jobs from 1986 to 1987. A registration of
unemployed persons in 1986 (in preparation for the setting up of a Job Center) showed over 5,000
people to be without jobs (including "hard core"” unemployed), whereas only half this number
registered at the Job Center when it finally opened in 1987, again suggesting the recovery had begun.
Immigration too began to exceed emigration in 1987-8. The IMF90 figure for 1987 may be overly
pessimistic since it appears to omit 800 "recreational workers" or casino operators.

For the post-event phase, all sources show that the employment trend since 1986-7 has been strongly
upwards with employment reaching 26,500 by 1990 according to CEP91. The IMF90 and CBA91 report
an even higher figure because they include an additional 2,500 "self-employed" workers.
Unfortunately, the "mini-surveys" upon which both sets of estimates are based sample only the
leading sectors, leaving employment figures for other sectors unchanged for several years (or even

6.4



Social Accounting for Disaster Preparedness and Recovery Planning

omitted altogether).

Overall, the statistics for the years before 1982 and after 1986 are adequate for present purposes,
although the several discrepancies noted require attention. In addition, there are incorrect allocations,
for example, the data provided by UNESCO for 1986 appears to be taken from the pre-recession level
for 1984. The employment data for the depths of the disaster, and for the increasingly rapid expansion
after about 1989 are the least reliable.

6.5 Migration and the Informal Sector

Some of the variation in the unemployment statistics during the recession is explained by the
considerable out-migration from the Island. Even after the Status Aparte in 1986, when Aruba became
independent of Curacao, Arubian nationals are still entitled to full welfare benefits in the Netherlands
and many Arubians preferred to "sit out" the recession in Holland. The official statistics given in Figure
15 show that net emigration of Dutch nationals was nearly 3,000 in 1985 alone, with net loss of nearly
6,000 people between 1984 and 1987 (after 1986 data records islanders as "Arubians" than
"Antillians"). Some estimates suggest up to 25 percent of the population departed the Island. Since it
is likely that up to half of the reported emigrants would be of working age, it is quite possible that
while over 30 percent of jobs were lost only 20 percent of the remaining labor force was left
unemployed. The past records are not totally reliable and in the past have badly underestimated
emigration - one reason for this is that residents prefer to leave as "tourists" rather than emigrants, in
order to avoid settling their taxes!. Itis clear, nevertheless that with such a high level of out-migration,
unemployment statistics alone cannot not provide a reliable estimate of job-loss.

For reasons noted above, it is desirable to take account of the informal sector. Unfortunately, the size
of the informal sector and the "self-employed" sector, and the extent of illegal immigration poses
several empirical ambiguities. For example, underemployment in the public sector in Aruba is
commented on repeatedly by the international agencies, so it is not difficult, or uncommon, for public
sector employees to undertake informal sector work on official time. The fact that the secure public
sector job of one family member is often treated as the "insurance policy" of the extended family
obviously becomes important in times of economic crisis. This is difficult to measure empirically,
although the fact that the allocation of public sector jobs is an accepted component of the democratic
process in Aruba, largely explains the government's decision not to heed IMF and IBRD
recommendations to reduce the size of the civil service.

Equally ambiguously, both the formal and informal sectors in Aruba employ have always employed a
fair number of illegal and unregistered workers. lllegal migration appears to have shown the same
pattern over time as legal migration. Nevertheless, while it is likely that some illegal and unregistered
workers would have left during 1984-5, interviews suggested that the poorer immigrants from the
Caribbean Basin feel that "however bad the situation in Aruba, it is worse back home". Thus, there is a
strong incentive not to leave the Island, especially as it may be difficult and costly for them to return
legally or otherwise. During the recession the informal sector is considered to have provided a cushion
for many households, so the "subsistence" part of this sector is considered to have expanded during
the recession.

Since the recovery, the rapid increase in formal applications for job permits (see again Figure 15), has

been accompanied by an equally rapid increase in the number of unregistered workers. These are
variously estimated at between 3 and 9 thousand (Zambrano, 1991). Some 700 illegal migrants were
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deported in 1989 and over 2,000 deported in 1990 alone. In view of its relatively high wages, Aruba is a
very desirable location for workers throughout the Caribbean Basin and parts of the Asia and the
Pacific. Activities such as hotel catering and construction are known to employ illegal laborers. In
addition, it is evident that other parts of the "non-subsistence" informal sector, such as gardening and
construction, which depend on a healthy economy have expanded greatly and also employ
considerable casual labor.

Because the recession was marked by a fall in the hours worked and on-the-job productivity, the data
for the recession probably underestimates the actual loss in productive employment. In contrast, by
1990 with rapidly increasing participation rates, some 50 percent of enterprises surveyed by the IMF
report a "significant level" of overtime work. It is possible that, with so much informal sector activity,
increased overtime, and a high level of illegal and unregistered workers, the actual level of
employment in 1990 (measured in job-years) may be as much as from 3 to 10 thousand higher than
the official figures.

It is evident then that, the official number of persons employed or unemployed, both during the
recession and the during the recovery, may be a poor guide to actual productive employment. This
poses some problems for testing the model since it accounts for changes in employment in the formal
sector (whether legal or illegal), but takes no account of the informal sector itself. The above
considerations suggest that a true comparison of the depths of the recession with earlier full-
employment years would put the 1986 demand for labor lower than the official employment figures
suggest, and that actual post-recession employment is likely considerably higher than the official
figures. A working estimate based on interpolation of the official surveys, and a plausible adjustment
to the official data is given in Table 9 and Figure 16. This will be used as the basis for testing the model.
Typical errors and uncertainties in these data are judged to be around 1,000 jobs. Such uncertainty
suggests definite limitations on tests of "fine tuning" to improve the performance of the model, based
on its demonstrated predictive power.
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7 Testing the Model

7.1 Tracking Jobs through Disaster and Recovery

The initial tests use the model to track total employment between 1979 and 1990. Two sets of
forecasts are made:

i) "base" employment trends are calculated using the 1979 model after introducing only
exogenous income data on the oil refinery shutdown and the growth of tourism and
construction activity.

ii) "adjusted" forecasts to take account of a specific employment policies in the public sector,
and the known employment in hotel construction.

Base Forecasts: this forecast is made using the most straightforward application of the model
assuming that changes in employment all sectors are determined pro-rata by shifts in the income to
the sector as shown in the primary event matrix. This "fixed technology" assumption leads to a
predicted employment of about 18,000 at the bottom of the recession in 1986. Total employment in
1990 is predicted to have risen to over 30 thousand. This offers a satisfactory reflection of both the
level and the timing of aggregate employment trends during and after the recession.

This forecast may be improved by taking account of the planned levels of employment associated with
the major exogenous income changes. This modification is straightforward (and arguably quite
reasonable in the context of model testing).

Adjusted Forecasts: The first adjustment to construction sector employment accounts for a specific
choice of technology. In the base forecast, employment changes in the construction sector are
determined by the average labor productivity in 1979. Typically, input-output modeling does not take
account of technological change. Insofar as technical change is incremental, it is unlikely to affect
results over short time horizons. However, in Aruba most hotel related construction during the
recovery was carried out by international firms or larger local firms using technologies with labor
productivity several times higher than the average for the Island. To adjust for this, the forecast direct
employment is replaced with the a-priori data given in Figure 17, reducing the estimate of
employment in 1986 to about 16,500, and that for 1990 to about 28,500.

The second adjustment is to public sector employment. The base forecast assumes that the spending
cuts induced by the recession lead to loss of jobs unemployment in the public sector. In reality, the
government elected to maintain public sector employment and lower wages (rather than follow the
IMF recommendations to cut jobs), as shown in Figure 18. In consequence, the model under-estimates
employment in this sector. To account for this policy, the employment forecasts for the public sector
are replaced with the official data, thus increasing the mid-recession economy-wide employment back
to about 18,500.

Since, the first adjustment for hotel construction is based on the anticipated direct employment in this
activity, it is more straightforward to apply than the second adjustment which depends on the effects

of all exogenous changes on total public sector employment.

The off-setting effects of these two adjustments is shown in Figure 19. This improves the match with
the surveyed data during the recession to the final forecast shown in Figure 20. The employment
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forecast for 1990 is higher than the official figures but is not inconsistent with the supposed level of
unregistered workers, the apparent expansion of the informal sector, and the considerable level of
overtime work in all key sectors of the economy (or the IMF estimates of "self-employed).

7.2 Comparison with Type |l Forecasts

Part of the present exercise is to test the merits of using a lagged solution method for the SAM. While
it seems fairly reasonable to expect that there would be delays associated with the restructuring,
these delays are omitted from most input-output models (for the sake of analytic simplicity).

The effect of omitting lags is explored by repeating the calculation with the same data, but using a
standard Type Il solution (with the model closed around households). This standard static model does
not specify the time dimension but the implied assumption in Type |l calculations is that the full impact
of a given event will be felt within the first year.

Taking this assumption, the forecasts using the un-lagged model must suggest that the bottoming out
in employment would have been felt more immediately that the economy would have responded
more rapidly to the increased revenues from tourism. For both the base and adjusted forecasts,
employment falls to about 15,000 at the bottom of the recession. This greater job loss is predicted
because the full impact is assumed to be felt before the new injection of government and tourism
revenues began. In turn, the expansion is predicted to have taken off far more rapidly.

As shown in Figure 21, attempting to improve the Type Il calculation by introducing a one year delay
between the direct and indirect effects of events only partially corrects the level and timing of the
forecast. Overall, the final un-lagged model forecast shown in Figure 22 appears to be less satisfactorily
than the forecast from the lagged model, both with respect to the forecast levels of employment and
the timing.

The differences between the results of the two methods become more apparent from a comparison
the total employment induced by each of the exogenous components separately shown in Figures 23
and 24. For both the lagged and un-lagged (Type II) models, the competing effects of the closing of the
refinery and the increase in tourism construction and revenues are clearly seen. For the lagged model,
in absence of the construction and tourism booms, it is calculated that over 9,000 jobs eventually
would have been lost from the shut down of the refinery, compared to 6,000 for the Type Il model. In
both cases, the construction boom began before the full impact from the shut down was felt. For the
recovery, both models demonstrate that tourist related construction has induced nearly about 8,000
new and replacement jobs in the economy as a whole by 1990, roughly equal to those induced by the
increase in tourism revenues. The contrast between the lagged and un-lagged calculations for the
response to the economic recovery is less marked because construction and tourist expenditures both
grow comparatively steadily between 1986 and 1990.
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7.3 Transaction Lags or Other Responses?

In the lagged model each economic activity is assumed to have a characteristic distribution between
the time when income is received and when it is spent. The average delays used to quantify the
(gamma) distributions are based on the empirical observations in the literature that businesses tend to
respond faster to economic change, than do households, who in turn respond faster than
governments or investors. Heuristically, it is plausible to argue that since firms typically carry about
three months of stocks of raw materials, they are obliged to make new expenditures rather rapidly (ie.
within a few months) following an increase in demand. Similarly, governments are tied to an annual
budgetary process so are likely to have a response lag of about one year. Households typically take
about six months to adjust their expenditures to changes in the level of income. In terms of calculating
the impacts of changes on an economy, what matters is the extent of the lag relative to the time
horizon used in the calculation. For short horizons only those activities with rapid responses will have
contributed significantly to recycling of income in the economy. Conversely, over a long horizon most
activities will contribute and the overall multiplier will be limited largely by the real economic leakages
(in particular, through trade and repatriation).

In Type Il calculations receipts and expenditures are equivalent over any given period. In the lagged
model, by contrast, receipts are treated as orders (eg. to a business) which anticipate expenditures
(eg. the payments to factors and suppliers). In setting up the tests of the lagged model it is necessary
to know, in particular, at what point in the year the major event occurred (the shutdown of the
refinery), whether the running event data (public expenditures and hotel construction) are actual
expenditures or anticipated budgets, and whether employment series are annual totals or end-of-year
statistics. Since the shutdown of the refinery took place in April 1985, it is evident that a considerable
part of the downstream impact would be felt by year-end. In Aruba, most event data are presented as
if they are annual expenditure totals, although hotel construction expenditures are based on inflows
recorded by the Central Bank and public expenditures are calculated by the Bank from tax receipts and
government borrowing. According to the Bank, the resulting picture does not necessarily reveal the
underlying trend in Government finance. While the Labor Department collects statistics (up to 1980
and post-1987) on a continuous sampling basis, data from the Bureau of Statistics (1981, 1986 and
1987) by contrast are based on point-surveys. In the tests above this has been accounted for by taking
input data to be mid-year (ie. expenditure evenly distributed over the year) and employment to be an
end-year measure. This assumes a six month delay between the annual event and the measured
impact.

In a crisis, situation, neither the Type Il nor the lagged approach used above may reflect well the
behavior of particular actors in the economy. As was evidenced by the earlier discussion of
immigration and temporary emigration, affected populations adopt a variety of atypical responses.
This is also true of the business or government sector. For example, it is evident that the government
responded by cutting expenditures in anticipation of a significant fall in revenues. Similarly several
suppliers to the oil refinery businesses closed down almost as soon as the shut down of the refinery
was announced. As may be seen from Figure 25, the number of (legally required) lay-off petitions
submitted by businesses increased markedly before the shut down of the refinery.

Even after adjustment, the final predictions from the lagged model appear to anticipate the
employment trend data by about one year. This suggests that the lags used may be too short.
However, it is equally likely that the income sources given in the event matrix is incomplete, for a
number of reasons.
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With respect to the delayed the impact of the shutdown of the refinery, the following may be
important.

i) Many Arubian households maintain bank accounts overseas. IBRD86, for example, states
that according to the US Treasury, Antillean residents held over one billion dollars in time deposits in
US bank accounts at the end of 1985. The IBRD also notes the "large holdings" of foreign securities. In
view of the international orientation of Aruba and relatively high per capita income (compared to
Curacao), probably one half of this wealth would be owned by residents of Aruba. It is likely that some
of this income was drawn upon during the crisis.

ii) All of the workers dismissed from the refinery received lay-off payments (DECO84 indicates a
special retirement plan of AF 30 million about one quarter of the regular salaries for that year. In 1985
the private capital account balance increased by AF 10 million as a result of the shutdown (IBRD86).
On the other hand, interviews with ex-workers from the refinery have indicated that some of the lay-
off income was used to set up small business or to build and extend homes (through the small scale
construction sector). Some ex-employees used the income simply to "live for the day" - because, for a
time after the refinery closed, they remained convinced that the shut down was merely a ruse by the
Exxon Corporation to re-negotiate its rate of taxation by the Island and that the refinery would soon
re-open.

iii) The Island Government in office prior to independence had apparently "hidden" taxes
received from the oil refinery in order to avoid paying over the legislated 25 percent due to the Central
Government in Curacao. While the full amount has never been adequately accounted for, and
contributed to the sitting Government being voted from office (Croes, 1986), some is considered to
have "trickled back to the Island.

iv) In 1985 the Island Government was able to finance its deficit largely by drawing on cash
balances at the Central Bank of the Netherlands Antilles (IBRD86).

Although the authorities were aware of these various inflows of capital from overseas, and in 1986
their overall size was taken to be an indicator that the economy was reviving (according to the then
Prime Minister), the sources were not well understood at that time. Indeed, the data still contain
several ambiguities and omissions (not least that the Central Bank of Aruba records comparable data
only from 1986 onwards).

With respect to the anticipation of the recovery, two issues are relevant.

i) There is a mismatch between the timing investment and the employment associated with
the hotel construction program used in the adjusted forecast. Expenditures are based on Central Bank
statistics (which record inflows of capital to the Island) while employment estimates are based on
anticipated jobs creation (DEACI86 and 88). This was necessary because there is ambiguity in the
available data. For example, a considerable share of the recorded financing for a major hotel
construction project operated by an Italian company mysteriously "disappeared”. In addition, analysis
of the actual expenditures on the Island by this project were distorted by a procedure whereby
equipment purchased in United States was transhipped via Europe (to take advantage of EEC
subsidies), and the migrant workers employed on the project were housed and fed in the company
compound. A similar problem arises with respect to the timing of public expenditures where there
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remains considerable confusion between budgeted, actual and recorded expenditures (IMF85).

ii) It is likely that in a crisis, all actors respond more quickly than under normal conditions. To
assess the actual scheduling of the responses to the shutdown by private and public sector, and by
households requires monthly series which are limited in Aruba. Nevertheless, for the oil refinery, the
evidence from lay-off petitions by employers shows that some contractors to the oil refinery laid off
workers one month after the shut-down was announced (ie before the closure in April 1985). The
response by the Island government to the crisis also appears to have been relatively rapid, with a
variety of tax raising and expenditure cuts beginning early in 1985 and extending to mid-1986).

7.4 Impacts across Sectors

An important test of the model is to match the forecasts of the non-oil industry - commerce and
service sectors - since growth in these sectors is largely an indirect consequence of changes in the
major exogenously driven sectors. Both commerce and services sectors rely for the bulk of their
income on purchases by households. Unfortunately there are no official figures for employment in
services and commerce for the years 1982 to 1986, and attempts to reconstruct these data from the
estimates of sector contributions to GDP (in IBRD86) are not satisfactory. The comparisons of the
adjusted forecasts with the surveyed data shown in Figure 26 show modest agreement during the
recession and satisfactory agreement for the most recent years.

The fit is less good for the partially endogenous industry and agriculture sectors, shown in Figure 27.
For these sectors, the problem again arises that in small economies like Aruba most changes result
from the activities of individual firms undertaking specific projects, which have anomalous and
unknown expenditures and behaviors. This is also the case with the large scale construction sector,
public utilities and government sector in any small regional economy - see Figure 28. (Note that in this
figure the difference between the forecast and estimated trends for the public sector represents the
adjustment to the aggregate forecasts given earlier).

Given better employment and other data on specific projects, it would be possible to "fine-tune" these
forecasts further. For example, both the industry and commerce sectors have an export component
(free zone re-exports and off-shore finance) which generates employment, in addition to the direct
tourist expenditures (souvenirs and taxi tours) which have already been accounted for in the base
forecasts. Unfortunately, it is not at all a straightforward matter to separate the re-export of
commodities via the commerce sector from exports of local manufactures. Moreover, trade statistics
in Aruba exhibit interesting anomalies arising from her proximity to South America. At one time, for
example, Aruba was one of the largest exporters of coffee in the world, despite the fact that the Island
neither produced or imported this item. The Island also has an incredibly high importation of tobacco
products, but nonetheless does not have an especially high incidence of lung cancer!

At this point, the tests have probably reached the limits of the annual trend data. There is in any case,
another problem with attempting such fine tuning, that one simply stops the process when the results
appear satisfactory, and so ignore other possible omissions which might cause the results to err once
again!
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7.5 Approximate Lagged Models

Since the goal of the project is to demonstrate that the model can provide useful results even when
used in an approximate way, a less elaborate alternative solution method has been adopted to make
forecasts by sector from the 1979 baseline to 1990. This "multiple horizon" forecast may be
performed rather simply by combining the direct impacts the major events at appropriate time
horizons as follows:

the 5 year impact of the refinery shut down
+
the 3-year impact of average level of hotel construction
+
the 2 year impact of the average increase in tourism

Figure 29 shows the contribution from each event in turn and the combined impact between 1979 and
1990. Comparison with the differences between the 1979 and 1990 survey data shows that the net
changes are reasonably well predicted for commerce and service (the two sectors largely driven by
indirect income). This may be viewed as a relatively severe test for any model given the major shifts
arising from the opposing contributions of the refinery shutdown and the tourism boom.

This last method may be compared both with the (unadjusted) results for the complete model (based
on the summation of annual impacts), and with the further approximation of using a common 3 year
time base for all events, and with the results of a Type Il calculation. The comparison for all four
methods with the surveyed employment data for 1990 is shown in Figure 30.

On balance, it is evident that the more complete the model, the better are the predictions, but that
predictions are likely to be incorrect if adjustments (such as those for construction and the public

sector are not made). This is not a difficult task provided the appropriate data are available.

7.6 Estimates of Gross Island Product

For GDP, GIP or National Income, the empirical situation in Aruba is even more fraught than for
employment. The initial problem is shown by Figure 31 which shows GDP estimates and predictions
for the Island between 1972 and 1990. Again, while in some cases data are missing, in many other
cases there are multiple but contradictory data. Especially, for the period of interest from the collapse
of the refinery to the bonanza of the tourism boom the information is at first sight especially confusing.

The most obvious and significant variation in these trends arises because estimates are generally given
in current values while forecasts are presented relative to some base year. While it may seem a simple
matter to bring all values to a common base, a variety of price indices have been presented over the
years and it is apparent that several adjustments have been used in preparing the estimates and/or
forecasts, but these are not always made explicit.

The second variation arises from differences in definition. While there are standard definitions of GDP,
most estimates for Aruba exclude particular items or even whole sectors. Some estimates do not
include depreciation as a factor of production, while the oil sector (the largest industry) is excluded
from others.
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With respect to absent data, part of the problem is that the Island became independent from the
Netherlands Antilles only in 1986 and although separate trade and financial flows were available,
separate island "national accounts" were not. In addition, immediately prior to and after
independence there was considerable disruption as the responsibilities of the Central Government (of
the Netherlands Antilles) were passed to the new Central Government (ie. the former Island
Government) of Aruba. Unfortunately, this period also coincided with the closure of the oil refinery.

A variety of (usually unspecified) methods by are used by all agencies to estimate past data and future
trends and it is not always possible to distinguish between estimates and forecasts. Nevertheless,
since what is required to test the model are estimates rather than forecasts, some considerable effort
has been expended to separate the two, and reconcile the various "data". The ambiguity is greatest for
the years 1983 to 1985. This is especially the case for estimates of the Island's GDP. For example, the
1985 IMF report preferred to use its own GDP estimates above those of the Aruba, because "they are
consistent with a more stable and theoretically more acceptable relationship between absorption and
disposable income." (IMF85). This process also involves some unspecified "judgmental” adjustments
by the officials of the Central Bank. Obviously, when estimates are prepared using standard model
assumptions there is a certain tautology involved in the testing process.

Estimates of GDP are shown in Figure 32. For this exercise all estimates have been deflated to base
year units (millions of 1979 florins) using the CPI (Consumer Price Index) as shown in Figure 33. This is
somewhat unsatisfactory since the overall GDP shift between 1979 and 1990 is rather sensitive to the
deflator, as will be sector specific prices to changes in import prices.

The pre-1985 estimates appear to fall into four distinct bands: i) NDP83, ii) IMF85 and 90, DEACI84, iii)
IBRD86, NDP86, iv) CBS87. The explanation for the differences depends on the items included, and

especially the contributions from the oil refinery..

The variation in measures of "GDP" arising from differences in definition are illustrated by the following
table based on data for 1979 given in NDP83.

Table 10. Definitions of National Income for Aruba.

Income Definitions for Aruba (1979) Amount (AFI million)

Value Added by Firms (Factor Costs) 872

Sampling Adjustment in NDP83 58

Value Added by Firms (Factor Costs) 930

Value Added by Government 91
GDP at Factor Cost 1021
Indirect Taxes - Subsidies 33

GDP at Market Prices 1054
Net factor incomes from abroad (294)

GNP (Market Prices) 760
Depreciation 82
Net National Income 678

These data are based on the 1979 CBS (Netherlands Antilles) Survey of Business for that year and were
used in the construction of the Aruba 1979 SAM after adjusting private sector value added by AFl 54
million to account for the under-sampling of small firms. The "NDP83" figures are therefore high
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relative to all other estimates, and because they include all factor costs including depreciation and
indirect taxes.

Most other estimates explicitly exclude all, or part, of the value added by the oil refinery (about AFl 404
million in 1979), and this is responsible for much of the variation between estimates. The omission of
this contribution seems quite unreasonable and potentially misleading, since the taxes, wages and
local purchases of the refinery were central to the pre-1985 Arubian economy. The separation appears
to have arisen largely for historic reasons - that for many years the Island's economy had been divided
into its "Lago" and "non-Lago" components. Moreover, the treatment is inconsistent with that of
other sectors of the economy. In particular, the major international hotels (such as the Hilton or Hyatt
Regency) are treated as part of the domestic economy even though their relationship the Island in
terms of taxes and raw materials has always resembled that of the refinery.

If all value added contributions from the refinery and elsewhere are included, the varying estimates of
the Arubian national income can be approximately reconciled with the estimated of GDP (at Market
Prices) based on the 1979 data.

The principal adjustments required to reconcile the figures are as follows:

CBS: The comparatively low figure published by the CBS of Aruba (in CBS87) of Af 462
million for GDP at market prices in 1979 appears to omits the entire contribution of
the refinery. Alternatively these estimates are scaled on the basis of employment
from aggregate data for the Netherlands Antilles, rather than on the survey data for
Aruba. More recent estimates from the CBS are based on the those of the DEACI.

DEACI: The "NDP86" based on the survey also exclude the entire contribution of the refinery - even
though the same government agency had previously included the all contributions
from the refinery in its "DEACI84" forecasts. (It is possible that the intention here
was to provide a basis for comparison with the "new" Arubian economy).

IBRD: The IBRD86 data exclude the operating surplus of the oil refinery Af 298 million) and
include various other adjustments (for example, a deduction of Af 23 million as
imputed bank charges and omits the considerable contribution of the small
commerce sector).

IMF/CBA: It is not clear whether the IMF85 estimates of GDP (derived from a small Keynesian
macro-model by assuming the domestic activity induced by Lago taxes, tourism
revenues and government expenditures) also omit all or part of the value added
from the refinery.

On balance, the most consistent estimate of trends in GDP for the period 1982-84 immediately prior to
the shutdown are probably the series given in IBRD86 (suitably adjusted). Furthermore, this was the
most recent effort to measure the state of the economy at that time. It is doubtful, however, whether
this level of GDP (about Af 780 million measured in AFI 1979) is known relative to the 1979 base level
to better than 10 percent.

There is even greater uncertainty as to the level of national income at the depth of the recession. One
contemporary estimate by Croes (1986) expected GDP to fall back 30 percent to the level of 1980.
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More recent official estimates of GDP in this period suggest that the combination of the refinery
closing and the fall-off in tourism caused real GDP to drop by over one fourth from 1983 to 1985
(IMF90). However, the only "estimated" GDP figure for the depths of the recession is the IMF90 figure
for 1986 (prepared in conjunction with the Central Bank using a modified version of the IMF macro-
model).

Overall the data suggest that by 1984 real GNP had fallen by about AFI 50 million (1979 florins) from
the 1983 high, and then fell further by about Af 200 to Af 540 million by 1986, a total decline of about
30 percent. The data also indicate that, although the refinery was closed in early 1985, the greatest
loss to GDP did not arise until 1986, even though the tourism upswing had already begun. Both the
size and the timing of the recession and recovery are important for the testing of the model.

The only post-disaster GDP estimates of Aruba's GDP after the closing of the refinery are based on the
IMF model. IMF90 and CBA91 suggest that GDP had risen to Af 1550 million by 1990, increasing by
about 18 percent annually (in nominal terms). Deflated to 1979 florins this puts 1990 GDP at nearly AFI
900 million, well above the 1986 level of AFI 500 million, and also above the commonly reported levels
of 1979 to 1983.

Since there is no continuous data series connecting the pre-and post refinery era GDP data, and
because the figures are deflated using the CPI index, and because the IMF model is ambiguous in its
treatment of value added from the refinery, some considerable uncertainty remains as to the size of
the 1990 economy relative to 1979. Moreover, as indicated earlier, the IMF estimates of GDP are
derived from simple model from estimates of exports and government expenditures (neither of which
are particularly well known).

7.7 Tracking GDP through Disaster and Recovery

Since the SAM model calculated wages and operating margins by sector, it provides a prediction of
national income. The trend forecasts of GDP arising from the earlier adjusted forecasts are shown in
Figure 34. These calculations suggest that by 1990 the Island GDP has more or less returned to the
level prior to the shut down of the refinery, approximately AFlI 900 million (in 1979 prices). While the
general magnitude and timing of the recession and recovery again appear to be reasonably well
predicted, it would be rash to signal the results as especially notable. In particular, the deflators used
may entail a relative adjustment between the 1979 and 1990 figures of 10-20 percent. Nevertheless, it
is quite possible that the predicted GDP figures are closer to reality than the current official statistics!
One could say, a case of the blind leading the blind!

7.9



Social Accounting for Disaster Preparedness and Recovery Planning

8 Matrix Construction, Scaling and Updating

8.1 Cost and Time Limitations

Input-output models are a detailed representation of the whole economy and as such are time-
consuming and costly to construct. Most of the input-output models which have been produced at the
national level (in Europe and North America) are based on extensive surveys of businesses and
households and foreign trade. These very detailed tables are very expensive (sometimes running to
millions of dollars), slow to produce (the 1985 table for the United Kingdom was published in 1990),
and out of date (the latest surveyed United States table is for 1981). Despite this, these tables are
widely used for policy formation, for example, to evaluate the outcome of budget proposals, or to
review the implications of economic restructuring.

The input-output tables for sub-national regions, such as counties or states in metropolitan countries
typically are based on the national tables. Only in a few cases have equivalent "full survey tables" been
prepared for small areas. Apart from the expense, such exercises are usually complicated by "non-
disclosure" rules for officially collected data. Regional tables are generally prepared by "reducing" the
national table so that it matches whatever data are available for the area. This is also the starting point
for the present study.

In some respects islands are fortunate with respect to data, especially when, like Aruba, they are also
nation states. Information is available on trade flows in and out of the economy, and surveys of
businesses and households and government are generally available. Despite this, as with most small
areas and economies, there are many difficulties with much of the data in Aruba, and any SAM
construction method must cope with these. In addition, these models too may be expensive - the
SAM model prepared for Aruba for the 1983 Macro-Plan required a considerable expense of time and
effort. The aim of the present project was to demonstrate that this previously constructed table could
be rapidly and inexpensively up-dated to account for the impacts of a major disaster and provide a
useful instrument for recovery planning.

8.2 Construction of the 1990 Aruba SAM

The main objectives in constructing the 1990 Aruba SAM are:

i) to test the scaling procedures for matrix adjustment,

ii) to provide indicators to be built into the final "expert system" for matrix construction,

iii) to provide an updated matrix for projections and scenario simulations,

iv) to demonstrate that the final system is capable of being developed further into a practical

policy instrument.

The objectives of the present project do not require that a "policy ready" model is constructed.
Indeed, it is more important at this stage to test the flexibility and boundaries of the system. In
engineering terms these may be thought of respectively as equivalent to non-destructive and
destructive testing of the model. For example, with respect to flexibility, it is necessary to know how
much data, and what quality of data are required to build the model - ie. how much can be left out, as
well as what must be included? As explained elsewhere, the speediness of construction is as
important as precision, given the circumstances of the proposed applications.
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The scaling algorithm has been described in Phase One of the project and in Cole (1991). Although this
method has been used to build models for other regional economies, the aim here is to streamline the
exercise so that initial data collection and model preparation are completed over a short time span.
This objective was met and the work carried out here was completed in less than one month with all
programs, excluding model refinement and sensitivity testing. The latter has been used to test the
"robustness" of the method - in other words to ask how bad the data may be, or how simplified a
scaling method can be used without overly undermining the result, or leading to fatal problems in
matrix construction. The conclusions from this can be used to provide information as to the relevant
warnings and recommendations which should be built into the final expert system.

8.3 Scaling Algorithm and Application

The matrix construction procedure is based on a scaling algorithm which uses two sets of data - an
initial SAM for the nation or region in which the locality suffering the disaster is situated, and an
incomplete set of data for the region itself. The algorithm scales the first data set in such a way that it
is consistent with all the locality-specific data. This procedure ensures that a minimum of information is
lost. (For the case of Aruba, the scaling will takes place between data sets for different time periods).

Generally, the locality specific data are aggregates, such as estimates of GDP, or total wages, and some
structural data such as employment by sector or household income. The scaling procedure sub-
divides these aggregates using the proportions indicated by the structural data, and then sub-divides
these further to provide the same level of detail as in the national table.

The scaling procedure is iterative but usually begins by imposing the main structural details of the
locality onto the national table. With the standard RAS scaling, for example, the entire national table
may be "reduced" pro rata by income (rows) and by expenditures (columns) on the basis of the ratio
of national to local employment by sector, with non-production activities scaled as the ratio of total
employment. With the present method, in the case of Aruba, the 1979 table first is scaled to match an
aggregate set of national accounts for 1990. These accounts include total factor payments, taxes,
government expenditures and revenues, total imports and exports, financial inflows and outflows etc.

For the multi-proportional scaling, the matrix Aj(o) of dimension NxM defines the SAM to be
constructed (for 1990). The i and j label the rows and columns of the accounts represented in the table
(production sectors, households and so on). A base matrix, Aj(0), the 1979 SAM, is used as the starting
point for the new table. If there are Z constraints, defined by the sub-totals B, then, after n
adjustments, the Z constraints applied are given by:

% Ajj(n) = B;
jez

Contrary to other updating procedures, no distinction is made a priori between constraints on row
and column totals and constraints on individual elements or blocks of elements on the interior of the
matrix. All constraints are treated simply as the desired sub-totals of specified blocks of entries. These
constraints are applied in order to the matrix, so that after one full round of adjustments, the
information distance of Ajj(Z) from the original matrix Aj(0) is:

D[A(Z):A(0)] = = Ai(Z)log[Ai(2)/Ai(0)]
ij
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These constraints are imposed repeatedly so that each is applied once in any full round of Z
adjustments. After an arbitrary number of adjustments, the nth adjustment will apply the same
constraint as the (n-Z)th adjustment. Thus,

D[A(n):A(n-Z)] = = Aij(n)'Og"[Aij(n)/Aij(n-Z)]

1)
for all Aj 0.

The details of the initial 1979 accounts are then systematically constrained using increasingly specific
data. For example, in the case of Aruba, value added by sector, exports by sector, wages by sector,
and the actual accounts of specific "lifeline" firms (water and electricity) are introduced successively.
With each new piece of "target" data, all or part of the matrix is re-scaled. Finally, the table is
"balanced" so that the total expenditure and total income of each activity are the same.

Since successive adjustments will change several entries, it is necessary to repeat the procedure
(iterate) until all conditions are met. At this point the procedure has converged. Typically, it is
sufficient to achieve consistency to within a few percent of the target data.

In general, the data will be under-determined - that is, the total locality specific data available are not
sufficient to fix every entry uniquely. Indeed, if this was so, there would be no need to refer to
information from the national table at all.

For convergence to be possible, certain conditions must be met. The data must not be inconsistent -
for example, in general the prescribed wages for a sector should not be larger than total factor costs
(unless subsidies, or gross operating surplus is explicitly given as negative). In practice, many times the
data used will come from different agencies (eg. GDP from the Central Bank and wages by sector from
the Labor Department) there are likely to be inconsistent data which as far as possible should be
reconciled prior to scaling. It is also possible that specific pieces of data are over-determined (even
though the table as a whole is under-determined) so that a given entry may be successively expected
to take two different values.

If target data are inconsistent the iteration will not work - individual entries in the input-output table
will oscillate (ie. alternate between two sets of values), or drift (ie. change incrementally in a non-
convergent fashion), or become negligible (even those known to be substantial), or diverge (ie.
become very large). Like other scaling procedures, negative entries may lead to spurious results, and it
may be necessary to transform these to positive entries. For example, large negative indirect taxes (ie.
subsidies) or negative saving by government (ie. a deficit on current account) in expenditure accounts
may be moved to the income account (in each case, requiring an adjustment to the calculation of
sector value added or income). The causes and results of non-convergence are reasonably clear in any
practical situation, and so warnings as to potentially troublesome data may be built into the
construction procedure, and these in turn may trigger suggested corrections or alternative procedures.

The necessary and sufficient conditions for convergence are not known precisely for this multi-
proportional scaling. Nevertheless, it may be shown that if the procedure converges, the result is
unigue. This means that only one final result can come from a given initial set of data, provided there
is a systematic application of the minimum information loss principle. Thus, new data should not be
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added in mid-stream.

Once the accounts for the locality have been set up, further details of specific population groups or
industries, beyond those shown in the national table, may be added either by sub-dividing existing
entries (in smaller sectors), or adding new activities (for example, the informal sector which is not
included in the official accounts).

The final precision depends on the amount of locality specific data available. In the case of the 1990
Aruba model not all available data will be used. This is because it is useful to leave some actual data
aside so that it may be used to compare with the equivalent "data" resulting from the scaling
procedure. Since there is no fully surveyed recent table available for Aruba, individual entries can only
be tested in this partial manner, and through the ability of the model to "track" other data in a reliable
manner. Moreover, since the overall initial objective (during the crisis stage of the disaster) is to arrive
at the most straightforward construction procedure, it is equally important to know what data can be
left out, without its predictive ability being seriously undermined. The importance of particular pieces
of data also may be tested by noting by how much the various multipliers calculated by the model are
changed when these data are omitted from the construction of the SAM. If the shifts are large, then it
is necessary to ensure that these data should be included precisely.

Beyond this, since the secondary objective is also to develop a procedure which could become a part
of the on-going planning process for the locality once the recovery phase has begun, it is necessary
that the model can be systematically updated as new data become available. For some localities, it
may be possible to construct a table without applying some data from outside. However, even though
a considerable amount of data were assembled for the 1979 Aruba SAM, it was still necessary to base
some minor entries (in the inter-industry transaction table) on data from outside the Island. The
available data for 1990 for Aruba are less complete than those for 1979, although this situation should
change when present Census and Business Surveys are complete.

8.4 Details of the Table Building for Aruba

The overall procedure for constructing the 1990 SAM for Aruba is summarized in Figure 35. The data
and results of each step are given in the accompanying Tables 11 to 15.

Step One: The initial "national" SAM which is the 1979 Aruba SAM as presented in "NDP83". To
facilitate scaling to the 1990 data and present situation of the Island, certain entries have been re-
organized. In particular, the former Central Government and Island Government accounts have been
consolidated. This table is essentially that used to "track" the 1979-1990 trends as reported earlier.

Step Two: The shutdown of the oil refinery in Aruba was a major economic disaster, at least equal to
that which could arise from any conceivable natural disaster. The simplest way to obtain a first
approximation to the impact of this event on the Island's economic structure is to scale the row and
column entries of the 1979 table by the ratio of employment by sector before and after the shutdown.
In addition, local oil purchases are re-allocated as imports.

The resulting table is unbalanced in that the income and expenditure of each account are not equal.
This is relatively unimportant since the majority of entries will subsequently be re-scaled using sector
specific data. Nevertheless, it is useful to include rough balancing items in the "Rest of the World"
accounts (the block of entries 21-23 in the bottom right corner of the matrix). This provides a "first-cut"
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1990 SAM for Aruba (in 1979 values).

Step Three: An aggregate matrix of national accounts for 1990 has been prepared from data in the
1991 Annual Report of the CBA. These data provide the overall "targets" to which all other data in the
model must conform. Particular blocks of entries from Step 2 will be scaled to the totals shown here.
In order to test the procedure, it is immaterial whether these data are correct. Indeed, since they are
derived principally from the cash flows recorded by banks in Aruba, it is possible that they typically
underestimate the level of activity on the Island.

Step Four: The magnitude of equivalent blocks as pre-scaled in Step 2 and the target table are shown
and their respective ratios, typically between 2 and 3. In order to test the ability of the scaling
procedure to deal with anomalous situations, some entries are arranged to be anomalous. In the
original matrix, for example, imports of capital goods were treated as a direct import, whereas in the
new table these are treated as an indirect import (via production sectors). The first step in the scaling
procedure is to multiply every entry from Step 2 by the relevant ratio. For example, all factor
payments from production activities are multiplied by 2.85.

The national accounts do not specify the extent of inter-industry transactions, or even aggregate
intermediate consumption by sector. Consequently, initially these entries are scaled en bloc using the
average ratio of 2.6.

This provides an approximate SAM for 1990, measured in current AFI million and consistent with the
aggregate national accounts.

Step Five: Additional details are now added. Estimates of the contribution to GDP of tourism,
commerce and construction have been made by the IMF. In addition the CBA records data on tourism
revenues and commodity and service exports. These are used to adjust the entries in the matrix. For
example, the four entries for tourist expenditures (Column 21 from Step 2) which currently sum to 815
are each multiplied by 625/815 =.77. Information on imports by sector are not known. However, since
it is desired later to compare results with those from the IMF model, the assumption of that model
that tourism imports are 32 percent of revenues (AFl 200 million) is used.

Step Six: Again further details are added which sub-divide the data introduced by Step 5. Some data
are available on wage rates by sector (construction and tourism) and information on relative rates for
all sectors are available from earlier years, providing estimates of total wages by sector. These
estimates are now used to sub-divide the factor payments by sector between their wage and non-
wage components. Similar scaling could also be introduced at this point to modify household spending
by sector using current CBS price indices for the "high" and "low" income households represented in
the SAM. At this level of detail some possible inconsistencies in data are noted - for example, for the
thriving construction sector the estimated total wage payments are only slightly less than their
estimated contribution to GDP.

Step Seven: Preliminary details relevant to elaboration of "lifeline" systems are now added to the
model by including information from the annual accounts of the water and electricity production and
distribution companies. This includes information on intermediate expenditures on raw materials,
maintenance and services, wages, subsidies and taxes. The former net subsidy to the utilities sector is
reversed at this stage. The fuel sector (the re-opened transhipment and refining companies) will be
added later. Because of the potential over-determination of wages (from the inconsistent data
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introduced in this Step and Step 6) wage payments are not re-scaled at this point.

Step Eight: Since data as to the total expenditures or income is not known for every account these are
now initially fixed by scaling the columns and then the rows of every account so that first the column
and then the row totals each equal the current average.

The above adjustments have introduced information at several levels of detail. From the point of view
of testing the model no further detailed information need be entered.

Step Nine: The result of this "first round" of scaling is shown. At this stage none of the required
targets are met because the application of each new piece of data has disturbed the earlier
adjustments. For example, even though the first scaling in Step 3 matched the SAM to the aggregate
national accounts for 1990, the current bloc totals no longer conform to these data. The scaling
procedure (from Step 3) is then repeated but with Step 2 replaced by Step 9.

Step Ten: Satisfactory convergence - taken here to mean that all targets are met to within one
percent is achieved after about 20 iterations of the above procedure. In general, the number of
iterations required to achieve convergence will depend upon the desired precision, the number of
entries, the degrees of freedom in the balancing of the data (essentially the difference between the
number of entries in the table and the number of constraints applied), and the "tightness" of the
remaining adjustments. If most of the "unknown" entries are nearly determined explicitly or implicitly
(eg. as a residual), then the adjustment process may take many recalculations.

The income and expenditure totals are in good agreement for all accounts, and the table conforms
with all the target data which has been introduced. The final SAM for 1990 shown in Table 16 also
agrees with the aggregate national accounts data to well within 1 percent. (Note here that although
there appear to be some remaining inconsistencies between the final matrix and the target matrix and
between the row and column entries these are the result of various "dummy" payments - income to
domestic servants from high income households and un-recorded tips to hotel workers by tourists).
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9 Forecasting with the 1990 Aruba SAM

9.1 Backcasts and Forecasts for 1986-2000

It is obviously not yet possible to test forecasts with the 1990 SAM against actual future events.
However, a "backcast" (retrospective forecast) of events from 1986-1990 can be evaluated. This is
because the marginal impacts for a given exogenous impact are constant from year to year, since the
coefficients of the SAM are constant over the horizon of the forecast.

The backcast consists of entering the historic (pre-1990) tourism revenues and related construction
expenditures (hotels and infrastructure) into the model, as well as overseas income derived from other
sources (such as commodity exports and re-exports).

The forecast consists of entering the expected revenues and planned expenditures (CEP - Government
Capital Expenditure Program) from 1991 to 1995 with an extrapolation to the end of the century.

The direct employment provided by these exogenous expenditures from 1986-1990 are shown in
Figure 36. Hotel and public infrastructure construction are largely complete by the end of 1992 and
1995 respectively. Tourism revenues and other inflows are expected to grow until 1995. Beyond this, a
no-growth scenario is assumed. Figure 37 shows the total employment induced by each of these
components separately.

The employment increase due to the above factors between 1986 to 1990 is calculated about 18,000.
Again, the results suggest that much of the employment growth in Aruba over this period has arisen
from the construction boom, rather than the growth in tourism itself. Note, however, that the delayed
effects from the shutdown of the refinery are not included in this calculation. This backcast with the
1990 model is in reasonable agreement with the combined forecast for construction and tourism
revenues made using the 1979 model given above.

The forecast from 1991 to 1995 - based on expectations for tourism and government capital
expenditures, suggests that the increase in tourism and the "front-loaded" CEP may be sufficient to
offset the end of the construction boom. It is also possible that delays in the hotel construction
program will smooth the levelling-off in total employment. Beyond this, growth in exports suggests
that by 1995 the about 20 thousand jobs in Aruba will depend directly or indirectly on tourism. Less
than 5 thousand will depend on income from other external sources. The downstream effects of the
construction boom and the current CEP will by this time be rather small. Nevertheless, extending the
horizon to the year 2,000- assuming no further increase in tourism suggests that by this time, without
further diversification of the economy, the Island will be very dependent on the tourism sector for
more than half of all employment.

9.2 Sector Specific Forecasts

The backcast/forecasts between 1986 and 2000 have been calculated for two sectors, construction
and commerce using the 1990 model. For each sector, the impact is sub-divided into the direct and
indirect employment arising from different sources of income.

For the construction sector, Figure 38 shows that the direct employment arises from the hotel
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construction and the CEP takes place prior to 1995. Neither activity has a substantial downstream
impact on other domestic and private construction. The indirect employment in construction (largely
private housing and businesses) comes from tourism and other foreign earnings. Obviously the type of
construction required and businesses and employees involved is likely to be very different between
the hotels and private dwellings. It is likely that these projects underestimate the effect of the present
bottle-neck in housing starts.

For the commerce sector, Figure 39 shows that the direct employment arises from tourist purchases
and re-exports (primarily retail and wholesale respectively). Both stimulate significant downstream
employment in the commerce sector. Again, the type of commercial activity is quite different for the
different components of demand.

Together, the charts indicate a considerable restructuring of jobs and job characteristics in the years
ahead even when the total level changes steadily.

9.3 "Disastrous" Changes in the Level of Tourism

The tourism boom clearly has brought considerable income and employment to Aruba, and "rescued”
the Island's economy from a potentially disastrous situation. Figure 40 shows the income accruing the
private and public sectors of the Island's economy over a ten year period from a doubling of the level
of tourism, essentially an additional AFI 620 million of tourism revenues, the 1990 level.

Tourism is, nevertheless, vulnerable to both natural and economic events. At the request of the Aruba
Disaster Preparedness Committee, the model has been used to estimate the impact of a sudden
decline in tourism, for whatever reason, whether damage from a hurricane or earth tremor, or an oil
spill from a passing tanker. The latter is increasingly possible since the part of the refinery re-opened
as a transhipment terminal (operated by Wickland), and scaled-down oil refining started up again in
1991 (operated by Coastal).

The Island is systematically improving its ability to cope with natural such as hurricanes or tidal surges,
and has identified a number of potentially vulnerable locations.

As an illustration of the potential impact of the loss of tourism, this section examines the impact of a
sudden total collapse of tourist revenues. For this, the updated SAM model based on data for 1990 is
used, with the expenditures by tourists eliminated. The results given in Figure 41 for employment,
total value added (ie. the change in GDP), and government revenues, show how the economic impact
would increase with time. Total employment, for example, would fall from the present 26,000 to
about 15,000 in the first year, and to less than 10,000 after about 5 years.

The impact of this decline in employment in each of the production sectors of the economy (ten years
after the event) is also shown. As might be expected the impact is uneven, and depends only in part
on the strength of the direct links to the tourist industry.

Unlike the former oil industry in Aruba, tourism is distributed across a wide range of individual hotels
and other activities, so it is highly unlikely that a total collapse would occur. Nevertheless, it is not
unknown in the Caribbean for a tourism industry to fail dramatically as a result of natural and other
events. It should be noted, however, that the effect of doubling the size of the industry (the mirror
image of this event) shown in Figure 40 is potentially equally dramatic since this would push overall
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employment on the Island to nearly 57,000!

9.4 Economic Overshoot and the Balance of Payments Trap

Since the Aruba SAM summarizes the economic exchanges between the various economic actors on
the Island (such as tourists, hotels, shops, workers, households, and government) as well as their
transactions with the outside world (via trade and overseas payments), it permits the total impact of a
given change (or set of changes) to the economy to be calculated, including the total inflows arising
from the expansion of the tourist industry may be estimated.

In this section the 1990 Aruba SAM is used to explore an important macro-economic policy for the
future of Aruba - the possibility that the "dramatic success" of the tourism based recovery strategy has
led Aruba into a "Catch 22" trap. The Island can achieve a balance of payments equilibrium only if it
continues to expand its tourism sector, but if tourism is expanded further the Island faces a politically
unacceptable level of immigration.

DEACI have calculated that the tourism development which has taken place in Aruba over the last five
years may have had an adverse impact on the Arubian balance of payments (Robles, 1990). Thus,
while tourism has become the major export industry of Aruba, the total outflows required to support
the industry so far have been greater than the foreign exchange inflows they have brought to the
Island.

The suggestion obviously has worrisome implications for Aruba since future development including a
positive outcome for the balance of payments are predicated on the continued growth of the tourist
industry, and reports by the international lending agencies, such as the IMF, see this as a critical
indicator of the Island's performance.

The use of an input-output model to measure balance of payments is a demanding test. Nevertheless,
even though the model has been constructed as part of an exploratory study and the results are
tentative, they lend support to DEACI concerns, since they show that both in the short-run, and in the
long-run, the cumulative balance of payments impact of tourism on the Island's economy may be
negative. In the short-run this arises because of the start-up costs associated with tourism, and in the
long-run because, even after tourism revenues have begun to level-off, private and public spending
will continue to catch up with the effects of the boom. This may be the case even when the medium-
run cumulative balance of payments is positive.

The calculations presented here are based on the average performance of the Island's economy.
However, they suggest that, in general, the cumulative impact will depend on the precise details of (i)
to (iv) above for each tourist related project - for example, the share of food imported by hotels or
restaurants, the level of repatriated earnings or the rate of interest on infrastructure related
development aid. In some cases, the long run net impact on the Island's balance of payments from
individual projects is likely to be negative. In other cases it may be positive.

The calculation of DEACI is based on import-export data for the years 1986 to 1989. Since this was a
period of rapid expansion period of tourism in Aruba it might be argued that this "start-up" phase
which includes a good deal of construction might be untypical and that eventually the situation would
reverse to a positive balance. Thus the calculation may be correct but not apply to forthcoming years.
This reversal appears to be the conclusion of the recent 1991 IMF report to the Prime Minister of
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Aruba.

The DEACI calculation assumes that the entire island economy supports tourism - in other words all
imports to Aruba are ultimately tourist related. With the input-output calculation it is not necessary to
make such a blanket assumption. Nevertheless it is reasonable to suppose that outflows should
include (i) the direct imports of the hotels and tourist related activities, (ii) the import requirements of
the construction of hotels and related infrastructure, (iii) the import requirements of the labor force
supporting the hotel industry, and the businesses they in turn depend upon, and (iv) the financial
outflows of repatriated earnings by foreign workers and businesses. In other words, the calculation
accounts for the full upstream and downstream import requirements arising from the tourist industry,
excluding interest payments on borrowing by the government or private investors. Inflows are mainly
the foreign exchange tourists bring to the island, but may also include development aid for tourist
related projects and investment finance by businesses.

9.5 BOP Calculations using the 1990 Aruba Model

The BOP implications of the tourism boom are calculated using the three approximations to the lagged
model discussed previously when testing of the 1979 SAM.

Approximation One: Fixed Horizon Model

The first exercise reviews the cumulative impact on the balance of payments over a ten year period (a
typical tax-holiday) for a fixed amount of tourism. The total inflows and outflows associated with the
1990 level of tourist activity (AFI 621 million), and the corresponding required tourist related
construction are calculated. The latter is estimated to be a total of AFI 1692 million assuming a cost
per room of about AFI 206 thousand (in 1990 florins), excluding other construction and public
infrastructure.

The cumulative impacts given in Table 17 show that over the 10 year period there is a net deficit of AFI
162 million, about 2 percent of total flows, a relatively small amount. This suggests that whether the
net balance is positive or negative is likely to depend on the actual costs of infrastructure and details of
hotel operations. For example, a more clearly net positive outcome obviously would arise if less
income was repatriated. A much worse situation could arise if the Island bears the full cost of hotel and
infrastructure construction and there is a high level of imports and repatriation of income.

Approximation Two: Multiple Horizons Model

This first approximation does not take account of the scheduling of events. However, as indicated
above the cumulative balance of payments is affected by the timing of the construction and
operations phases of the expansion of tourism. To clarify this, the calculation is repeated assuming an
initial two-year construction phase followed by a sustained operational phase. Figure 42 shows that
the income from tourists which rises from year to year as occupancy increases (from 70 immediately
after construction to 80 percent). The graph separates the outflows associated with construction from
those arising from the continuing operation of the hotels. Thus, while the cumulative outflows from
construction level off after a few years, those from hotel operation rise steadily as their imports over
successive years accumulate.

The net impact on the balance of payments (the difference between outflows and inflows) is seen to
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be negative for the first three years, reflecting the conclusion of the DEACI calculation.

The cumulative surplus then becomes positive for about another five years as predicted by the IMF
model (see below). However, again the balance is marginal and, since the rapid expansion of tourism is
planned to continue for several more years, it is possible that the cumulative deficit will continue.

There is a suggestion in both Table 18 and Figure 42 that the net surplus may be reversed after some
time as consumer and government spending throughout the economy catches up with the increased
income earned from tourism. This might indicate that a deficit can only be avoided by constantly
expanding tourism, at least up to the level that the infrastructure share of construction becomes
greatly reduced.

Approximation Three: Annual Horizons Model

The third and most elaborate calculation here attempts to track the tourism related balance of
payments components over the entire period between 1986 and 1995. This calculation is based on the
on actual and planned tourism revenues and construction. The results, shown in Figure 43, again
suggest that both the short and long-run impacts on the balance of payments may be negative. Inthe
short-run, this arises because of the setting-up costs; in the long-run because although tourism
revenues are beginning to level-off, consumer and public spending is still catching-up with earlier
increases in tourism revenues. The need for new maintenance of hotels and infrastructure (not
included here) could worsen this BOP trend (although in the past hotel chains in Aruba have tended to
neglect properties towards the end of the tax holiday period).

Even without this, it seems that some of the statistics should be improved if the Island is to evaluate its
tourism balance of payments correctly. For example, measuring tourism revenues as the amount of
foreign currency deposited in banks monitored by the Central Bank of Aruba may seriously
underestimate spending by tourists, income. Taking account of this should improve the BOP situation.
Conversely, only hotel construction is included in this graph, but obviously there is a good deal of
private and public construction which would not be undertaken but for tourism, which should also be
included.

The data required to make a more precise calculation here are not available. Nevertheless, the
tentative calculations here suggest that, while the present moratorium on hotel development may be
essential in order to adjust to and consolidate the on-going boom rapid phase of Aruba's tourism
development, a new phase of tourism (or other development) will be required, if renewed BOP
difficulties are to be avoided.

9.6 The IMF Model and Forecasts - A Vulnerable Recovery?

The marginal nature of the balance of payments reversal is also suggested by calculations with the IMF
model which takes into account the declining tourism related infrastructure expenditures planned by
the Government. To demonstrate this the IMF model of Aruba used in the 1985 report (IMF85) was
updated so that its parameters matched data for the period 1986 to 1990. The IMF model was
modified only slightly for the IMF90 report so should be expected to give similar results for the later
period.

Table 19 shows the impact of an additional 1,000 hotel rooms on total exports (X) and total imports
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(M) in each of the years 1991 and 1995, according to this version of the IMF model. For 1991 there is
negative net impact of minus AFl 54 million, but by 1995 the same addition is estimated to provide a
net positive impact of AFl 33 million.

According to IMF85 the model played a central role in the preparation of the disaster recovery
program for the Island prepared by the IMF. However, the analysis of the IMF model in the present
study has raised the following troubling points with respect to this use.

i) The results for the IMF model are very sensitive to the parameters used.

ii) According to IMF85, the parameters used by the IMF to make recommendations for the
1986-90 period were based on data for 1980-85. However, the parameters which would be needed to
match the model to what actually happened in the earlier period appear to be quite different from
those used to make the projections.

iii) Nor do the parameters used in the model provide projections of what would happen in the
ensuing years, whether or not the known changes in income are fed into the model (as in the earlier
tests of the SAM model).

iv) Because the IMF model does not distinguish between the import requirements non-tourist
activity it is not possible to distinguish the impact of different phases in the Island's recovery. For
example, the balance of payments impacts of construction associated with tourism and infrastructure
cannot be separated from other household and government related imports.

i) The Central Bank of Aruba (IMF91) notes that "Based on Fund staff advice, the authorities
acted swiftly and decisively", and so credits the IMF with much of the success for the recovery. Even
so, it is not at all clear to what extent the forecasts and recommendations deduced from the results of
the model were actually used. Certainly, two of the key recommendations were not adopted (to raise
taxes and to reduce public sector employment). Moreover, it has been suggested (by the Prime
Minister of the day) that the Government knew that the IMF model was faulty but had to pay lip
service to the analysis, in order to maintain the necessary IMF support.

These concerns notwithstanding, it appears that the tourism development which has taken place since
the closing of the Lago refinery has rescued the Arubian economy from a potentially very damaging
crisis, just as the proposed moratorium on major new tourism initiatives should enable the Island to
consolidate the present gains. All the calculations suggest that, a new phase of tourism (or other)
development may be needed once the adjustment phase is complete, and that it is reasonable to
begin to plan for this now. The calculations also suggest that, in doing this, the Island should review
more carefully the tourist related projects which it encourages and supports from the standpoint of
their contribution to the balance of payments. Equally, they demonstrate that in reviewing tourist
related projects (as it seems the Government is now proposing to do), consideration should be given
to the balance of payments effects of projects individually and collectively, for example, using an input-
output model somewhat more detailed than that employed here, as well as taking more precise
account of the external financial flows such as interest payments, income repatriation as well as
commodity imports specifically related to tourism. This should make it possible to distinguish those
individual projects and strategies which stand a good chance of making a positive contribution to the
balance of payments from those which probably can not.
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10 Regional Economic Impacts

10.1 Regions, Disasters and Lifelines in Aruba

This section describes the construction and application of a regional economic model of Aruba.

Even with her small size, Aruba has well defined geographic regions, which would be differently
affected by disasters and recovery programs.

Economically, the Lago oil refinery was located in the San Nicolas area, Orangestad has remained the
commercial and administrative center, tourism has developed in the previously sparsely populated
Noord area, while the Santa Cruz has retained its primarily traditional local economy.

Demographically, San Nicolas has been populated by Caribbean and other immigrants associated with
the oil refinery, Noord and Santa Cruz by the native (ie. pre-oil refinery) Arubian population, and
Orangestad has been the cosmopolitan center.

The changing size and geographic distribution of the population over the last 60 years, indicated by
Figure 44, has been driven largely by the level of employment in the refinery. Even though, historically,
there has been a relatively high level of commuting between districts, the collapse of the oil refinery in
San Nicolas and the rapid growth of tourism in Noord must be expected to bring about equally
significant changes in the future demography of Aruba.

With such strong dependencies between the various regions of the island in terms of "life-line"
systems (such as water, electricity) and a good deal of daily commuting along the length of the Island,
the highly localized character of the principle "life lines", and the vulnerability of transportation links
between some districts, a regional model is necessary to assess the economic impact potential
damage to this network. Clearly, such a model could also be used to forecast shifts in the distribution
of economic activities on the Island, such as the level of commuting between regions, the pressures for
new housing development or the level of employment and unemployment in different parts of the
Island.

To develop such a model, for present purposes, it is sufficient to sub-divide the Island into its four
principle districts: San Nicolas, Orangestad, Noord and Santa Cruz. These districts correspond roughly
to those selected by the Disaster Preparedness Committee (with Orangestad and Noord combined).

The principle application here is to "predict" and "track" the impact of shutdown of the Lago refinery in
1985, and the subsequent tourism based recovery programs, on different geographic regions of Aruba.

This exercise is simplified so as to consider only the final close-down of the refinery, and the speed-up
of the tourism development plan to offset unemployment. Thus the total figures predicted will vary
somewhat from those given earlier.

10.2 Construction of the Regional Model

The regional model is adapted from the 1979 Aruba model using data provided by the 1981 Census.
Again, the aim is to provide a planning instrument suitable for assessing the regional economic impact
of a natural or other disaster using readily available data. In the context of the present project, this

10.1



Social Accounting for Disaster Preparedness and Recovery Planning

exercise serves two purposes:
i) to refine the process for constructing regional-level models from the national economy,
ii) to estimate the importance of the inter-district networks.

The basic method of construction summarized by Figure 45 involves four steps:
Step One: Aggregation of the 1979 SAM.

For the present demonstration, labor and households are treated as single accounts in each region.
Government, capital and firms are treated as Island-wide activities (recognizing, however, that these
activities are largely centralized in Orangestad). Although it is possible to construct a regional table
with greater detail, this aggregation provides an input-output table of manageable size.

Step Two: Estimation of the local demand and supply of goods and services in each region of the
Island.

The supply is calculated by reducing the production sector columns of the Aruba SAM pro rata
according to the location of employment. This also gives the demand for intermediate goods by region
and sector. Final demand by sector and region calculated by pro-rating household expenditures by
regional household income (by location residence), and government expenditures by regional public
sector employment. Total regional demand (excluding overseas exports) is then the sum of
intermediate and final demand by sector.

This process provides unbalanced regional models.
Step Three: Estimation of inter-regional purchasing and commuting propensities.

These are calculated using the "gravity model" principle that the likelihood of purchasing a particular
type of good or service falls off as the distance between the purchaser (household or firm) and the
supplier (retailer or firm) increases and increases with the relative size of the supplier.

ie. probability of purchasing between regions i and j is proportional to DiS;/die

Data are available on the aggregate level of commuting between the four districts noted above and
the gravity model parameter o has been fitted to these. The results given in Figure 46 show that a
parameter o = 1 provides a reasonable fit, whereas other typical parameter values do not. Since the
model is relatively sensitive to variations in this parameter as shown by the alternative forecasts also
given in Figure 46, it may be argued that the gravity model is revealing some significant behavior.

There are no comprehensive statistics for inter-regional purchasing habits in Aruba. However, the
extent to which purchasing activities are localized (ie. take place close to the point of residence) can be
estimated by comparing the total supply in all regions with the total demand. For the oil and utilities
sectors the pattern is essentially pre-determined and the results are insensitive to shifts in the gravity
model parameter since the supply is localized. Even though the number of regions and amount of data
cannot be sufficient to provide a "statistically" reliable estimate, the results indicated by Figure 47 are
judged sufficient for many purposes.

Step Four: Balancing the multi-regional model.

10.2



Social Accounting for Disaster Preparedness and Recovery Planning

Intermediate and final local demand is distributed between regions according to the predictions of the
gravity model. Overseas exports by region are pro rated according to regional supply. The income
totals for each account are then balanced using the bi-proportional RAS method to match the column
totals obtained in Step Two.

The regional accounts so obtained are shown in Table 20. The local economies of the four regions lie
on the diagonal of the matrix (the shaded blocks), while the off-diagonal blocks detail inter-regional
trade in goods and services, and commuting by employees. The outer blocks detail government
expenditures, capital and overseas transactions. The lifeline system centered on production of
electricity and water in the Orangestad region is highlighted.

Because the regionalized model is based primarily on simple scaling of the national Aruba model, it
does not display the regional variations in wage rates etc. which are apparent from the 1981 Census
data. Such detail may be included using the multi-proportional RAS scaling as with the construction of
the 1990 national model (described earlier). It is not necessary to demonstrate this again in the
present project. The model may also be scaled to match the national 1990 social accounts. However,
the data provided by the forthcoming 1991 Census will be a better basis for this updating.

The multipliers and impacts of the regional model in Table 21 illustrate how impacts are distributed
across the Island when a given exogenous change is introduced. In this case each activity on the Island
in each of the four regions is assumed to receive a fixed AFI 10 million. Because of the way the regional
accounts have been constructed (ie. without introducing region specific data on wage rates and
technologies), the total island-wide effects of a type of change (such as an increase demand for
tourism) will be the same whether the demand is in Noord or San Nicolas. However, the distribution of
impacts across the Island will be quite different, because of the location of the activity and because of
the pattern of the indirect effects. For example, Table 21 shows that an increase of AFI 10 million in
tourism creates 232 jobs directly and another 213 indirectly, a total of 447. When the tourism activity
is located in Orangestad, then a total of some 130 additional jobs are created there, but when the
activity is located in San Nicolas, only 46 additional jobs are created locally. This is because a high
proportion of the income generated in San Nicolas "leaks" back to the capitol Orangestad, as
purchases by households, firms and government.

10.3 Testing the Aruba Regional Model

In principle, the regional model should be tested empirically as with the 1979 Aruba model by tracking
employment and other trends from 1979 to 1990. Unfortunately, no annual regional data are
available for this. However, data are available for a single period 15 months after the crisis. In order to
assess the magnitude of the crisis, the Government in office set up Unemployment Registration
Centers across the Island for a short period from May to July in 1986. In all some 5,235 jobless were
registered. To ensure full registration, some 14 offices were set up for the first month, later to be
consolidated into 4 regional offices (San Nicolas, Saveneta, Santa Cruz, and Noord) and one principal
office in Orangestad. Registrations in the four regions were 778, 2,238, 599 and 1,622 respectively,
totalling 5,237, as shown in Table 22.

The predictions from the model of regional job loss after a 15 month time horizon have been matched

to these figures. Since, it is not known whether registration was predominantly at the place of work or
place of residence so predictions are shown for both. The comparison given in Figure 48 shows that
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the "place of work" prediction is closer to the registered figures, except in San Nicolas, which is the
geographically most isolated township. For San Nicolas the registered unemployment is rather less
than predicted by the model. This may reflect the efforts by the refinery to find new jobs (generally
overseas) for its own ex-employees.

10.4 Regional Impact of the Refinery Close-down

Since the above test relates only to the shorter-run regional impacts of the shut-down, a second
exercise gives predictions of the impact of the close-down of the refinery on the four districts. These
are calculated to a five year time horizon, together with the net impact of doubling the size of the
tourism sector, calculated to a three year horizon. The impacts then are compared with the regional
situation in Aruba as recorded by the 1981 census.

The results are given in Table 23. The table shows the number of jobs provided in each region and the
amount of wage income received in each region (after taking inter-regional commuting into account).
The chart also shows the total level of household income (including non-wage income) and
government revenues.

Briefly, the results suggest that had the full effects of the refinery shutdown been felt, by about 1990
some 64 percent of jobs would have been lost in San Nicolas, compared to 45 percent in Santa Cruz
and 13 percent in Noord. In Orangestad 36 percent of non-government jobs would be lost. The
impact of this regional unemployment on household incomes in each region is muted somewhat
because of commuting between regions. Households in San Nicolas would have lost 60 percent of
wage income compared to 44 percent in Santa Cruz, 36 percent in Noord, and 41 percent in
Orangestad.

As might be expected (and as on-site observation in 1986-87 certainly indicated), the impact on San
Nicolas was significantly higher than in other parts of the Island. Even though the total employment in
Lago was less than 1,300 workers of whom about half were residents of San Nicolas, nearly 2,500 non-
oil jobs would have been lost to the town (including Saveneta).

10.5 Regional Impact of the Recovery

The primary initiative of the recovery strategy was to expand tourism as rapidly as possible, in order to
reduce the high level of unemployment on the Island. However, since the new hotels were to be
constructed in Noord, at the opposite end of the Island from the refinery, this was bound to create
serious regional disparities. Indeed, the recovery strategy appears to be leading to a massive shift in
the economic and demographic geography of the Island. One obvious question, therefore, concerns
the future regional balance of work place and residence across the Island.

The model may be used to estimate the repercussions of this policy, such as the level of commuting
between regions, the pressures for new housing development or the regional shift in employment.

The likely regional impact of this recovery strategy is calculated trebling the level of tourism in Noord is
calculated (This is the amount of tourism required to bring the total Island employment approximately
back to its former level.) But although employment is restored overall, this does not, of course,
restore the regional employment balance on the Island. Indeed, the results of the calculation, also
shown in Table 23, show that the San Nicolas economy would still provide only half the number of jobs
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prior to the close-down. Even in Santa Cruz, much closer to the new hotels, the number of jobs would
still be reduced by some 22 percent. In contrast, employment in Orangestad would be practically
restored to its former level while in Noord employment has risen by 23 percent. On balance
household wage income in San Nicolas has fallen by about 30 percent, while in Noord it has risen by 25
percent.

10.6 An Alternative Regional Strategy

The results of the above calculation are a fair reflection of the present regional development in Aruba,
as determined by the tactic of expanding tourism at one end of the Island in order to compensate for
the shutdown of the major industry at the other.

The model may also be used to explore alternatives. As an illustration, the consequences for regional
employment of locating all the new tourism constructed in Aruba since 1986 in San Nicolas instead of
Noord are calculated. Not surprisingly, the results summarized in Figure 50 suggest that such an
approach would have resulted in a considerable reduction in the regional imbalance of employment
and residence.

The last results correspond approximately to the situation in 1989-90 and do not take account of the
partial re-opening of the refinery with the Wickland oil terminal and Coastal oil refining activities.
While these initiatives are likely to have an important impact on San Nicolas, they are unlikely to
compensate for the loss of the Exxon refinery. The contractual arrangements with workers and the
Government are very different: employment is small (with all construction carried out by workers
temporarily imported from Turkey), and ten-year tax holidays have been granted.

10.7 A Regional Lifeline Event Matrix

The primary reason for construction the regional model is to permit certain aspects of the "life line"
systems to be investigated, for example, the importance of interregional water, power, fuel, and
transportation links. As an illustration of the impact of a failure of the lifeline system it is assumed that
the San Nicolas is totally cut-off. As the earlier map of the Island shows, there is a significant possibility
that this part of the Island could be disconnected for a short period through flooding or other disaster.
The only paved road between Orangestad and San Nicolas runs along the low lying coast, as do the
fuel and water pipelines between the refinery and the public utilities stations.

To simplify the discussion and calculation here, all links between the San Nicolas district and other
parts of the Island are taken to be disconnected for an extended period (ie. several years), with each
region maintaining its level of production increasing imports from overseas (to compensate for lost
inter-regional trade). There are no changes to the proportion of expenditures between those parts of
the economy which are not de-linked. Nor is any time scale given for recovery.

The event matrix corresponding to this assumption is shown in the Table 24, and is simply a matrix of
zero and unit entries. In a more realistic case, entries would be based on estimates of the damage
sustained by the different parts of the economy. For example, this matrix may account for the "survival
rates" of the immediate post-disaster phase and the "recovery rates" of the post-disaster phase.
Combined with the original regional accounts, these data provide the new set of regional accounts
which then are used to evaluate and plan for the "post-disaster" situation.
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The loss of internal linkages on the Island following the disaster means that many of the original
feedback processes between the regions of the Island which contribute to the multiplier would be lost.
The extent of this may be seen by comparing the impacts of a fixed AFI 10 million demand for each
activity for the "post-event" situation, given in Table 25, with the earlier results for the "pre-event"
economy, given in Table 21. Now, for example, an additional demand for tourism in Orangjestad
creates 232 jobs directly, but now only a total of 378 island-wide, and none in San Nicolas. The same
new activity in San Nicolas creates a total of 263 jobs, all of them local since there can be no spill-over
to other parts of the Island.

While, the above example is artificial, it demonstrates how the approach may be used to address

rather complex disaster and recovery scenarios. In particular, by setting up annual event matrices
describing the current survival and recovery rates, a detailed planning strategy may be explored.
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11 Social Impacts and Technology Policy

11.1 The Impact on Economic Cultures

Many studies of the aftermath of natural disasters have shown that the impacts fall unevenly across
populations. Moreover, many studies argue that the "disaster-recovery" process should be seen as
part of the overall long-term development of the regions economy, taking account of the needs of
various population groups, particularly with respect to their differing needs for training, education and
public resources.

To examine these issues another more culture sensitive sub-division of the economy is required. This
"cultural accounting matrix" (CAM) sub-divides the Island's population according to their technology-
related "cultural heritage". Although the categories are designed to illustrate how different segments
of the population are integrated into the economy of the Island, they can be related to the sub-
divisions adopted by American and Dutch anthropologists who have studied the Island. For simplicity,
the four cultural-economic categories are taken to be:

Traditional-Arubians: The original Ameri-Indian population of the Island were essentially fisher-folk
and small-scale agriculturalists who, for present discussion, might be characterized as sharing a
"traditional" economic culture. The economic culture which evolved after colonization by the Spanish
(and later the Dutch) among the Papiamento-speaking "Spanish-Indian" population was a peasant (or
pre-industrial) economy based on small holdings and casual labor on the island and overseas in
plantations and mines. The arrival of the American owned refinery in the late 1920's brought an
abrupt transformation of the Island, which pushed the traditional economy of the island to the
sidelines, so forcing the majority of the population into a dependent economic culture. Because of the
handicap of an unorthodox language and poor time-keeping and unreliable work habits, the Indian
descended Arubian group were largely left behind by the economic bandwagon created by the
refinery. Despite this, the opportunity for hand-outs from the refinery (via the system of kinship with
other "Real Arubians" of European descent) enabled the Indo-Arubians to experience a significant
improvement in income even without acquiring corresponding industrial skills. This created an
economic culture characterized by a mismatch between production and consumption skills.

While post-war education has enabled many younger Indo-Arubians to move successfully into the
modern economy, in terms of economic and educational development, the group as a whole poses
special problems. The rural population of Aruba, for example, suffer high levels of alcoholism (as did
workers undergoing similar rural to urban transitions during the industrial revolutions in Europe). The
characterization of this particular component of the present day Arubian population as "Traditional-
Arubian" is therefore to suggest that this group continues to share many of the same difficulties in
assimilating into a modern industrial economy that "traditional" populations have confronted
worldwide, in and out of situations arising from natural disasters.

Migrant-Arubians: The Migrant-Arubian population also may be viewed as having a "dependent"
economic culture. However, the mismatch between skills and consumption is the reverse of that
which characterizes the Traditional-Arubians and, for purposes of present discussion, they are taken to
be representative of a politically weak "minority" population. Many are regionally mobile within the
Caribbean and or retain an "immigrant" social status even though they are born on the Island. This
population comprises three groups - those descended from Africans who were brought to the island
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mainly by Dutch traders in the early nineteenth century; the "Windward Islanders" whose parents
were recruited as skilled laborers to work in the refinery; and those arriving more recently as casual
and domestic workers from other parts of the Caribbean.

To oversimplify, the three sub-groups in the Migrant population are drawn respectively from the
Dutch, English and Spanish speaking Caribbean islands - and came for different reasons to Aruba.
Because there were no large-scale plantations in Aruba, the economic skills of the original African
population of Aruba were similar to the Indo-Arubians. However, the group had fewer kinship bonds,
and - because, at the time of emancipation, land was distributed only to those "born free" on the
Island (in an effort to encourage ex-slaves to leave), they had fewer ties to the land. The oil refinery
workers in contrast were recruited for their specialized skills from the English speaking Caribbean.
Although this group was eventually largely excluded from the better paid jobs in the oil refinery, many
had already a culture of learning and benefitted further from the educational programs initiated by the
refinery. Today, the descendants of these workers often occupy professional and technical positions in
tourism and other service industries. Despite these apparently high skills, there are very few
entrepreneurs in this group. Finally, the most recent Afro-Arubians are mainly women in extremely
insecure domestic jobs, and other temporary (and sometimes illegal) immigrants in low-skilled
occupations. While there are clearly distinct differences in the skills and experiences of the Migrant-
Arubians, they share a history of the most socially destructive form of colonization, and, within the
present division of labor, they are largely dependent on wage income.

Modern-Arubians and Expatriates: These two groups represent the "dominant" economic-culture of
the Island, in the sense that the majority of economic policy of the Island government and the
successive development plans prepared by Dutch and international agencies usually embody
assumptions and values which this group dictates or shares. The original Modern-Arubian population is
descended from the Dutch and Iberian settlers and refugees who arrived in Aruba prior to the arrival of
the refinery, with later components drawn from the many immigrants of diverse nationalities who
came to work in the refinery or the expanding economy and who then settled permanently on the
Island. The "Real Arubians" of European descent formed the social elite of the Island were able to
adapt more readily than the Indo-Arubians to the rapidly expanding economy by building on astute
commercial and political skills. Although the group is extremely heterogenous, comprising people of
many nationalities, all have acquired the economic culture of metropolitan countries, in terms of
entrepreneurial skills and lifestyles.

The Expatriate population share much of the economic culture of the Modern-Arubians, except that
they are temporary residents with typically higher skills, incomes and occupational status. To some
extent this is offset by their relatively weaker political connections and influence - economic
development programs and subsidies, for example, are directed to promoting local business, while tax
collection focusses on foreign-owned businesses and expatriate households. In Aruba, the expatriate
group comprises primarily Americans and Europeans (on temporary assignment to the oil refinery or
an international hotel chains and finance houses), or Dutch nationals (working in the public
administration, education or small business), and South Americans in somewhat lower status
occupations.

The labor force and corresponding households are categorized in this way to illustrate the cultural
division of labor - ie. the fact that different groups in most societies, including Aruba, have rather well
defined occupations in specific production sectors, and have markedly different income levels and
consumption patterns. As indicated earlier, such a division is also very important for peoples subject to
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natural disasters, because typically different cultural-economic groups, because of the areas they live,
the type of buildings they live in, the work they do, or their access to supportive social networks or
public relief, are affected differently by natural disasters, or indeed any kind of economic change. The
CAM approach therefore also provides the possibility of setting the disaster into the "developmental"
context advocated by Cuny (1983) and Jones (1989).

The Aruba cultural accounting matrix is shown in Table 27. As in the previous tables, the entries are
amounts of money paid by different economic actors, production activities, household, government,
and so on, to each other over the course of a year. In the table, the top-left entries are payments
between production activities in the economy; the entries below this show payments to workers and
entrepreneurs and owners; the adjacent entries show how this is distributed to households and firms
(as legal entities); and so on. The row and column totals for each activity are their total income and
expenditures in the course of a year, respectively. For present discussion, the division of households
into cultural groups is the most important feature of the table. The total income of each of the
population groups is shown in the household totals of the matrix as 165, 67, 317 and 90 AFI million
respectively. Given the proportions of households noted earlier, this suggests that the income of
Expatriate households is about three times that of Modern-Arubians, and about five times that of
Traditional- and Migrant-Arubians. The table shows that the relative shares of income paid to each
cultural group by the various production sectors differ markedly, reflecting both the vertical and the
horizontal division of labor in the Arubian economy. For example, Migrant-Arubians earn about 5
percent of the total wage income from the commerce sector but 16 percent the total wage income
from services. Traditional-Arubians earn 24 percent of the wage income from commerce and 22
percent from services.

The composition of the labor force at the refinery is also distinctive with the result that the skilled
workers made redundant when the refinery closed would be drawn differentially from each
population group. Of the approximately 1,300 jobs lost from the refinery (from 1979 onwards), 427
are estimated to have been occupied by Traditional-Arubians, 210 by Migrant-Arubians and so on. Of
the Traditional-Arubian jobs, 34 were professional and administrative workers, and 314 were
production workers.

The overall loss of employment by each of the population groups depends in turn on their positions in
other sectors of the economy. The extent of this unemployment by sector, occupation and population
sub-group is summarized in the Table 28. This shows an estimated economy-wide job loss of about
8,200. Of these, 2,855 jobs were lost to Traditional-Arubians, 1,533 lost to Migrant-Arubians, and so
on. Of the Traditional-Arubian jobs, 215 are calculated to have been administrative and professional,
1,610 were production workers, and so on. Across the economy as a whole, the results show that a
total of 1,182 professional and administration jobs are lost, and a total of 3,686 production jobs, and so
on.

The effectiveness of the recovery program in off-setting these job losses can be explored by assuming
an increase in tourism just sufficient to bring total employment back to its original level. Because of
differences in the cultural and educational composition of the labor force across sectors, the net
effects are bound to be rather unevenly felt by the various populations and activities. For some
sectors, groups and occupations there will be an excess of jobs, and for others a remaining net job loss.
If the prevailing occupational and cultural division of labor is reproduced then the net impact can be
calculated straightforwardly by subtracting the jobs lost through the closing of the refinery from the
jobs gained from the expansion of tourism as shown in Table 29. The calculation shows a net loss of
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jobs in all sectors except those directly related to tourism. This kind of calculation provides a "first cut"
estimate of the extent of this dislocation in the labor force. For example, a predicted net loss of jobs for
any occupation or group suggests that there is likely to be unemployment, and a net gain of jobs
suggests that there may be constraints on the expansion of the economy because of a shortage of
particular skills.

11.2 Unemployment by Skills and Occupations

These results given above may be broken down further into occupation by cultural group and sector -
for example, the number of clerical positions lost to Traditional-Arubians in the construction sector.
Potentially, this leads to a considerable amount of information, even from the small CAM for a
relatively small economy such as Aruba. Although there are no data available to test the predictions of
model with respect to the cultural-economic divisions, it is possible to compare some of the
predictions of job loss by different segments of the labor force. In particular, the distribution of
unemployed by level of education as forecast by the model has been compared with that reported by
the Unemployment Registration of May 1986. Because of changes in the designation of qualifications
and the way data are reported, this comparison can be made only in terms of the "low", "medium"
and "high" skills categories used in the 1979 Aruba SAM.

i) "low" category includes the LO and AVO school leaving standards
ii) "medium" is the LBO qualification and,
iii) "high" includes MBO, HBO and University graduates.

The results shown in Figure 51 suggest that the overall predictions of job displacement are reasonable
for the low and medium categories. The predicted of displacement of high skilled workers is
considerably above the number of registrations. The reason for this may be that most of the higher
skilled workers (about 20-30 percent of employees) at the oil refinery would have benefitted from the
oil refinery job-finding program, while others would have greater opportunities to seek employment
overseas.

11.3 Household Income Distribution

Although discussion of economic culture again has focussed on the restructuring of employment and
occupations, a great deal more information can be extracted from the calculation in terms of
household and business income, public sector revenues, demand for imports, or new investments. For
example, an examination of the "trickle-up" and "trickle-down" effects in the Arubian economy
suggest that restructuring brought about by the refinery closing and the tourist industry expanding is
likely to have complex results on the overall wealth of the Island, and its distribution across the various
sub-populations. Here, the main conclusion is that if the goal is to return to full employment (as was
the case in the simple exercise above), then most actors in the economy lose income.

Table 30 shows that there is a net loss in the value of production, in national income (gross island
product), wage and household income, and public sector revenues. All sub-populations lose wage and
household income, although in different amounts. Traditional-Arubian household income falls by 14
percent, Migrant-Arubian and Modern-Arubian incomes by 10 percent, and expatriate income by 11
percent. Overall, the above results suggest that any industrial restructuring, re-training scheme or
regional development policy is likely to advantage or disadvantage particular populations, but that, in
general, the trickle-down income from new activities will reflect the biases of the prevailing cultural-
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economic structure.

11.4 The Small Firm Sector Policy

In most societies the cultural division of labor cuts across technology, sectors and occupations. In
Aruba, as elsewhere, sub-groups of the population tend to be associated with particular production
techniques and products. The following sections illustrate in a general way some of the possible uses
of the CAM for exploring post-disaster social, regional and technology policy.

In Aruba, data are available on ownership and employment in businesses of different size. The 1981
Survey of Business shows that there are considerable differences in standard measures of technology,
such as labor and capital-output ratios, across firms of different size. These contrasts are summarized
in Table 31. Small sample surveys also indicate that these firms typically also have contrasting
purchasing behavior for supplies and serve different customers. Furthermore, Chamber of Commerce
and other data shows there to be biases in terms of ownership of small business by the different
population sub-groups. For example, in all sectors, the average size of businesses owned by Arubians
is considerably smaller than for the sector as a whole.

To indicate the importance of this structure, calculations are presented below which show the
contrasts in social impact when economic policy is oriented toward small, rather than large
enterprises. The calculations are simplified to show the characteristic implications of such policy which,
in practice, would form part of a broader development strategy - such as effort to extend local
ownership of the economy.

For this calculation, production activities have been subdivided into "small" and "large" business
(below 10 and 10 and above employees respectively). Small businesses in Aruba generate about 28
percent of the total value added, and account for about 40 percent of employment. Categories of
employment are again sub-divided into "low", "medium" and "high" skills. The cultural accounts are
arranged so that income received by each of the three skill categories is then transferred on a pro-rata
basis to the four categories of households. This short-cut procedure is adopted because of lack of data
- but again means that predicted shifts in income distribution between the population sub-groups
resulting from a "small firms policy" are likely to be under-estimated. Again, it is not necessary to
present full details here, and the example will consider only the manufacturing sectors.

One way to compare the potential implications of a successful "small firm" policy is simply to ask what
would be the result of directing a given amount of new business to a particular class of firms. Table 31
contrasts the income and employment generated in the economy as a whole when a AFl 1,000 order is
given to large and small manufacturing enterprises (using average data for this sector). It is apparent
that the overall impact (direct plus indirect) is much greater if the initial increase in demand is directed
to small firms. When the order is given to large firms, the total value added and wage income are AFI
860 and AFI 500 respectively. When the order is given to small firms, the total value added and wage
income are AFl 1,239 and AFI 849. These are very substantial differences, and although there may be
other reasons to question the viability of "a small firm policy", there are clearly potential advantages to
the economy as a whole. The implications for educational policy and skills, in particular, may not be
straightforward. For example, the calculation here shows that the total demand for labor in all three
skill categories is higher with the small firm alternative - which could imply bottlenecks for particular
skills in a situation of low unemployment. On the other hand, because, small firms often employ more
"traditional" skills (in the sense implied by the term "economic culture" used in this paper) the small
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firm alternative may provide more appropriate jobs (as well as more jobs), in a time of unemployment.

In practice, the possibilities for a "small firm" policy are often limited by production possibilities, for
example, small chicken farms in Aruba do not supply the quality or quantity of product required by
international hotel chains; small contractors cannot build high-rise hotels, and so on. Nevertheless,
there are products for which small firms are competitive, or other policies which can help them to
become so. Co-operative arrangements to pool and grade output from farms, or to share equipment,
or the promotion of a different style of tourism, using low-rise or more traditional building methods,
for example, can help to overcome some of the economic constraints on the expansion of the small
firm sector.

Given the horizontal division of labor associated with firm size, it is evident that expansion of the small
firm sector as a whole will tend to favor particular households. The results in Table 31 show that
expansion of the small firm manufacturing sector has relative income advantages for Traditional and
Migrant Arubians households who receive 27 percent and 11 percent of the total (ie. direct and
indirect) income generated respectively. In contrast a large firm strategy favors Modern Arubians and
Expatriates, who receive 52 percent and 13 percent of income.

11.5 Socially Targeted Technology Policy

To simplify the last results somewhat - the favorable outcome for Traditional-Arubians arises because
many small businesses are owned by Arubians, and employ Arubians. Thus, Arubian households are
likely to benefit relative to non-Arubians, simply because of the direct income effects. But, in addition,
because of the tendency for Arubian owned firms to employ Arubians, and for Arubians to purchase
goods from Arubian firms, there are likely to be stronger internal multiplier effects than for other
businesses. Clearly, these mechanisms may be used to take economic policy one stage further, so that
development is targeted towards particular "traditional" or "minority" populations. The applications in
this section illustrate the results of policies targeted at the Traditional and Migrant Arubian
populations.

i) Traditional Construction Skills: The construction industry offers one illustration of a targeted policy.
For the Traditional Arubians, it is clear that construction of dwellings represents a deeply embodied
component of their economic culture. A social process and an industrial organization have evolved
which involve extended families working together to build homes. Often several generations share the
parental home and new parents do not consider themselves truly "married" until they have moved in
to their own home. Construction of dwellings takes many years, and the reciprocal obligations incurred
among families may be re-paid over many years.

The underlying process of production and construction of dwellings is a "core" reinforcing mechanism
of the Traditional Arubian economy. By circulating income within the Traditional community, an
important multiplier process is set up which may be reinforced as a matter of policy to strengthen their
economic base. The potential importance of this process to the income of Traditional households may
be illustrated through the classic example of an economic initiative which is devoted to the
construction of dwellings for and by Traditional Arubians. It is assumed here that the construction
enterprises involved are owned and operated by them. All direct wage and profit income goes to
Traditional households, and the output is consumed primarily by these households. The technology
used is taken to be the same as that currently employed in small construction enterprises, except that
all raw materials and services are assumed to be purchased from small firms - many of which are also
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owned by Traditional Arubians. For the calculation, the activity is treated as if it is part of the formal
(monetary) economy. In practice, much of this building activity is carried out in the informal sector on
the basis of reciprocal obligations.

The impact of this reinforcing set of assumptions is seen from Table 32 which compares the impact of
AFIl 1,000 of this type construction activity with the impact of the same value of large and small firm
construction. With the prevailing cultural division of labor the total (direct and indirect) income
generated for Traditional Arubian households by this amount of new activity in large construction firms
would be AFI 308, compared to AFI 395 for small firms. With the targeted initiative a total of AFI 814 is
generated, of which AFI 530 is direct income and AFI 284 is indirect income. Of this, AFl 61 is at the
expense of other households. While the illustration may be extreme, and the practical problems of
financing and promoting the initiative are assumed away, it is evident that the potential for a very
substantial increase in income lies in any economic policy which builds upon an existing set of skills and
cultural institutions, and establishes strong economic feedbacks within the Traditional community.

ii) Community Development and Minority Businesses: The same possibilities for generating reinforcing
economic processes exist with the Migrant Arubian community. The course of historical events in
Aruba has meant that many members of this population group share superior production skills which
arose out of the selective recruitment process adopted by the oil refinery and the high value typically
placed on education by this population. Political-cultural pressures tended to push this group out of
the well-paid positions in the refinery, and even though some of this sub-group are born in Aruba,
many still feel themselves to be "treated as outsiders in their own land". Today, these second
generation immigrants often occupy key skilled and shop-floor management positions (such as
foreman) in manufacturing and other businesses, but less often in senior management and
government or entrepreneurial positions. Nevertheless, the potential for entrepreneurship is evident -
for example, a number of Migrant Arubians used lay-off payments from the oil refinery to set up small
repair shops and service activities.

Included in this group also are the newer immigrants from the Caribbean Basin, including Aruba's
former partners in the Netherlands Antilles. Many of these immigrants have arrived from the much
poorer islands and countries (especially Dominica, Haiti and Colombia) and these make up the lowest
paid groups in the labor force. They make up a good proportion of the illegal work force employed by
the formal sector (as opposed to the "self-employed" informal sector which includes a high proportion
of native Arubians).

For this group too, the impact of a new policy initiative designed to raise income is considered - in this
case, a small scale service and repair activities targets the Migrants-Arubian community. These results
are given in Table 33. Using similar assumptions to those for the construction sector example, the
new initiative generates a total of AFI 552 income for Migrant Arubian households, of which AFl 440 is
direct income and AFI 112 is indirect income. With the prevailing cultural division of labor, the total
(direct and indirect) income generated for Migrant Arubian households by this about of new activity in
large and small service firms would be AFI 127 and AFl 131 respectively. The relatively small indirect
effect with this example, compared to the construction sector initiative, reflects the low level of
Migrant Arubian entrepreneurship in the rest of the economy. In practice, such a "service sector"
initiative could target a full range of activities within a regional community, (the township of San
Nicolas in the case of Aruba), or be used to provide a basis for increasing minority participation
throughout an economy.
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12 Conclusions and Design Considerations for an Expert System

The conclusions of the model testing fall into two broad areas, the predictive performance of the
model and the insights gained for model construction and its use as the basis for an expert system for
disaster recovery planning.

12.1 Predictive Performance

The empirical tests with the 1979 Aruba SAM to have demonstrated that the model can "track" the
historic employment and GDP data for the Island over the decade from 1979 to 1990 with reasonable
proficiency. The tests carried out are relatively challenging for an input-output type model (or for any
practical planning model in the empirical difficulties encountered). They suggest that the SAM may be
used to evaluate the impacts of major natural disasters and the performance of recovery strategies for
medium term recovery strategies.

i) Aggregate employment. These tests showed that the model could reproduce the timing and levels
of the economic crisis and recovery to the limits of the available data. The lagged model appears to be
superior to the conventional un-lagged approach. This is likely to be an unwelcome (an possibly
suspect) conclusion to adherents of non-lagged methods but deserves further consideration and
research, especially since the empirical data are weak.

i) Employment by Sector and Region. These tests were limited by the quality of data. The model
appears to provide a reasonable performance for the indirect impact on the economy (i.e. the effects
arising from the aggregate structure of the economy). However, to obtain a useful forecast the direct
effects must be specified using project specific information about expenditures, sources of materials
and labor requirements, rather than assuming that these projects will adopt current technology.

ii) Gross Island Product. Although the model is capable of estimating income changes to households
and businesses, government in a rather detailed fashion, comparable income statistics are not
available. Moreover, since there are no recent national accounts for Aruba, the GDP estimates by the
Central Bank are based on a variety of sources, including the employment statistics. Given this, the
model also provides a reasonable prediction of GDP trends.

iv) External Accounts. Preliminary forecasts of import and export requirements, and the balance of
payments for the Island are satisfactory, and current forecasts will be monitored against future
economic developments in Aruba. Further testing would require that the external sectors of the
model be revised to match the current and capital accounts categories adopted by the Central Bank of
Aruba.

12.2 Model Construction and Use

The principal conclusion from the study with respect to construction and use is the need to retain
considerable flexibility. This represents a considerable challenge for the design of any expert system.

i) Model Updating. In constructing a model in a practical situation there are likely to be contradictions
and omissions in the data which must be by-passed if the model is to be developed on a useful time
scale. It is necessary to be able to update the model as new data emerges.
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ii) Model Configuration. The construction procedures showed that it is possible to develop models
with a wide range of applications. Since the model may be called upon to evaluate a variety of
problems and strategies, several configurations of the basic model may be needed, for example, using
regional, social or sectoral categories. In many cases it may be possible to automate this process, for
example, from the available Census of Households and Business.

ii) Details of Projects and Policy. The testing of the model showed that the results are sensitive to the
timing of events and the details of projects undertaken. It follows that a the design of a reliable
planning model should make it possible to incorporate these features.

iv) Strategy Revision. Again, since the aftermath of any natural disaster is likely to be chaotic and
unclear, and the practical opportunities for recovery will only be revealed after some time has passed,
strategies and detailed plans will change constantly. Any useful model must be able to adapt to
changes readily and provide a reliable comparison of policy alternatives.

12.3 The Horizon Model

In order to illustrate future possibilities for applying the impact model, some results from a parallel
modelling exercise are now discussed. This model, the "Horizon" model embodies much of the theory
and practice which have underpinned the NCEER study. The approach has evolved from more than
twenty years experience of building and using economic models for international, national, regional
and local development. This includes projects for several national and international agencies (of the
United Nations, the European Commission, the United Kingdom Department of Environment), as well
as regional agencies such as the New York State Department of Economic Development, the Scottish
Development Agency and the Dutch Department for the Netherlands Antilles), and private corporation
and consultants.

The Horizon model is distinctive in several important respects:

i) The model is designed to provide local development agencies with an in-house ability to
calculate the economic impact of events and policies which may affecting their region.
Because the model is programmed as a spreadsheet it can be more readily understood,
customized and updated by local development officers.

ii) The model can be used at several levels of sophistication from single events, such as the
opening or closing of a business, to complex scenarios which combine a variety of local
events or policy responses with external events such as sectoral growth trends in the national
economy.

iii) Unlike most input-output models, the Horizon approach allows the impacts up to any
specified time horizon to be calculated. This is important because it takes some time for the
effect of any event to work its way through the economy and, consequently, the full impact is
not felt for several years. For many purposes it is important to be able to distinguish the size
and composition of the near-term, mid-term and long-run impacts. Moreover, with a
sequence of events taking place over several years, such as the shut down of the Ravenscraig
steel plants, the delayed year-by-year effects often combine to produce a complex
adjustment to the economy.
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iv) The model implementation is designed to make such calculations as straightforward as
possible. The approach recognizes that the impact of any given event depends more or less
equally on the details of the original event (the wages paid, amount and source of raw
materials of the firm in question) and the structure of the local economy (the transactions
between local businesses, households and government, and their relationships with the
outside world). The model attempts to balance the importance of these two contributions by
using a compact input-output model of the area economy with the best possible information
on the forthcoming change.

V) The approach also recognizes that information on events such as an economic disaster, such
as a plant shut down, or a natural disaster such as an earthquake, is never clear-cut. In some
situations, it may be most appropriate to provide a range of possible impacts. Thus, the
model is designed to enable a variety of scenarios to be explored (for example, when several
alternative proposals for a new enterprise are being compared), or to be updated quickly (for
example, when the final schedule for events is not known, or new information becomes
available). The underlying belief here is that it is desirable for planners to be able to make
these calculations for themselves using the data available to them, and to have the facility to
test policy options on an habitual basis.

vi) Finally, the model is probably unique among input-output type models in that its ability to
track regional trends over a ten-year time span has been demonstrated in a practical
planning situation. In this demonstration - the application to Aruba detailed above, the
model predictions were found to match well the employment trends resulting from the
dramatic decline and recovery of the Island economy.

The Horizon model is designed to strike a compromise between providing a sophisticated planning
model and a tool which can be understood and adapted by the user. It is programmed as a
spreadsheet because this allows users to customize the model to their own needs. Data input and
results appear as a series of "screen" laid out as shown in Tables 34. Table 35 indicates the level of
detail which may be entered into the model.

The model can be applied in an extremely flexible way with only a modest knowledge of spreadsheet
programming. For example, first-time users of the model may carry out single event impact studies
and customize the pre-programmed tables and graphs in the model the using spreadsheet commands.
A little familiarity with the model will allow users to determine the impact of rather detailed events
and carry out multiple event calculations. Experienced users may program more sophisticated
responses.

The data base and results of the model also may be inter-faced directly with a geographic information
system data, such as the UDMS (Urban Data Base Management System) developed by the United
Nations Habitat Program, or mapped directly by adapting the graphing facilities within the
spreadsheet. An example of this last use (the cross-border regions between Western New York and
Southern Ontario) are shown in Map 3.

To apply the model, the user provides information about specific events which will are expected to

disturb the regional economy. An "event" is defined as the change in the level of activity in a specified
sector. The event begins in specified year and continues at a steady annual rate until a specified time
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horizon. Depending on the level of information available, an event may specified in summary or in
detail. Missing information is substituted by reference to a selected "base sector". Events may be
linked to selected policy responses.

Any set of changes affecting an economy, however complicated, may be may be broken down into a
series of single or multiple events beginning in specified years. These are detailed and calculated
separately. The model estimates the impact of these events on sectoral employment, household and
other income and business activity in the region for a specified time horizon. The model also calculates
a trend by repeating the calculation for year-end horizons up to the year 2000. Events and results may
be stored in the model, or filed and recalled for later revision or reference, or consolidated into
scenarios. The results may be graphed, tabulated or geographically mapped, and printed using in-built
spreadsheet macros and commands.

An overview of the model operation is shown in Figure 52.

12.4 An Application of the Horizon Approach

The Horizon approach is currently being used for a "real time" application in an on-going economic
disaster in Lanarkshire, an industrial region of Scotland. Like many other "mature" industrial regions,
the economy of Lanarkshire has undergone a dramatic transformation over the last decade losing
many of its traditional industries. Coal, steel and heavy engineering, especially, suffered a severe
decline during the late 1970's and early 1980's. Even with a modest recovery during the 1980's,
unemployment remains at about 13 percent of the labor force, in a total population of about 500
thousand. The area is now confronted with the shutdown of the major British Steel Ravenscraig
complex in several stages over the next several years. The total employment loss is expected to be of
the order of 20,000 jobs. Although there has been about two years warning (and even longer
speculation) that the steel works would close, the major shut down of a plant with over 3000 jobs took
place with almost no notice in mid-1991.

The local development agencies (in particular, the Lanarkshire Development Agency) are exploring
new opportunities to recover employment through economic development and training policies,
including the proposal that Lanarkshire should become the site of the northern terminus of the
EuroRail freight system. To help address the policy issues which arise from restructuring, a Horizon
model has been constructed and is being used by the staff of the LDA to make in-house calculations of
events such as the Ravenscraig closing or the construction and operation of the EuroRail Terminal. An
illustration of the results is given in Figure 53. As the precise timing of the shut down of the steel plant
is finalized and the possibilities and costing of the EuroRail Terminal becomes clear, the model will be
used to plan the level and timing of the project, the training requirements of the local labor force and
soon.

12.4
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Table 10. Summaries of Principle Published Sources.

Acronym

CBS72-

PlanD2

NDP83

CBS83-

DECO84

DECO85

IMF85

IBRD86

NDP86

DOL86

Brief Summary

CBS (Central Bureau of Statistics of the Netherlands Antilles) reporting DOL (Department of
Labor) statistics.

Spatial Development Plan (1981-90) prepared by Fundashon Desaroyo Planea in 1981 in
conjunction with DECO (Department of Economic Affairs) with regional employment data
based on Tax Department records for 1979 and projections to 1990.

The National Development Plan prepared by ITEO (Institute for Applied Economic Analysis)
with DECO to coordinate development projects in preparation for independence negotiations
with Holland. Estimates from 1972 to 1980 are largely based on CBS and DOL and the Aruba
Tourism Plan. Some figures are based on preliminary 1981 Census of Population results.
Employment (and GDP) trends up to 1990 were based on a 3 sector input-output model.
Census of Population from the CBS(NA) for 1981 detailing demography of the Island in that
year.

The first attempt by DECO to estimate the direct impact of the impending shut down of the
refinery. Estimates of total employment and revenue impacts up to 1986 based on macro-
economic model from the UNDP-UNDTC (United Nations Development Program - Office of
Technical Cooperation).

A short-term financial cost-cutting adjustment strategy based on the UNDP model with some
projections to 1988.

Balance of Payments impacts prepared by the IMF (International Monetary Fund) with the
Central Bank of the Netherlands Antilles using a simple 4 equation IMF macro-model with
estimates of economy-wide aggregate and public finances, and projections of possible
tourism expansions and government and public enterprise cut-backs to 1988.

Similar and more extensive proposals from the IBRD (International Bank for Reconstruction
and Development, or World Bank) on measured to deal with the crisis, in cooperation with
DEACI (but rejecting their data).

National Development Plan 1986-90 by DEACI (Department of Economic Affairs, Commerce
and Industry, formerly DECO), with a revision of projections to 1990 for the proposed Tourism
Plan.

A one-off register by the Department of Labor (DOL) of unemployed by region and education.

DEACI87 An attempt to fill the gap in employment statistics for 1984 using Tax department data.

CBS87-

IMF88

DOL89-

General statistics from the Central Bureau of Statistics (Aruba) omitting years from 1982 to
1987. Also a survey of businesses and employment by sector and region.

IMF report noting the "dramatic" recovery warning of the danger of "over heating" of the
economy and recommending urgent demand management measures.

Mini-surveys of by the CBS (for 1986) and subsequently by the DOL of employment in key
growth sectors and work permits. Used as the basis for most recent employment forecasts.

UNESC090 Data and projections concurring with IMF concerns.

IMF90

CEP91

CBA91

IMF report emphasizing dangers of inflation and bottle-neck in labor supply through
immigration restrictions. Data to 1990.

Government of Aruba (draft) Capital Expenditure Program designed to coordinate
development projects with financial projections to 1995, proposing a moratorium on further
tourism development.

Annual Report of the Central Bank of Aruba (CBA) reporting data similar to the IMF.
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b 3. Outline of the Macro-Impact Expert System
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Table 3. Layout of the Entries in the Aruba Social Accounting Matrix.

Transactions Household Government
by Types of Consumption Expenditures Exports
Production by Population by Activity
Activity sub-Groups
T
Wages Allocation Investment  Transfers Income
o]
by Skillor  to Populationincome by and Wages from t
Education  sub-Groups sub-Groups to Groups Abroad
a
I
I
CapitalAllocation Financial Foreign n
Payments and Firms  Transactions Investment
c
by Type of by Groups by sub-Groups and
o]
Ownership Balance of m

Payments e

Extra-Regional Trade and Payments

Total Expenditures by Each Activity

Physical Inputs: Employment by Occupation, Skill and/or Population.
Raw Materials or Environmental Use

Distribution:  Household and Wage Income by Sub-Group
Note:  Sub-Groups refer to minorities, ethnic or regional groups
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Table 6. Aruba Plan Forecast of Refinery Shutdown (1981)

ltem Base Refinery Tourism

(AFI million) Year Shutdown Collapse
Output 5711 1215 607
Wages 381 258 171
Surplus 595 211 111

Taxes 74 28 11
Investment 180 93 51

Net Income 660 377 176
Jobs 23994 17945 10316

Source: Aruba Long-Term Development Plan (Draft, May 1982),
Tables 3.1, 3.2 and 3.3. Net income is receipts after repatriation.



10-Year Cumulative Income and Employment by Activity
from AFI 620 million in Tourism Revenues

Activity Income Jobs
Industry 2108 3978

Utilities 907 2939
Construction 2542 34005
Commerce 3681 22039
HORECA 6424 48760

Services 4548 25200

Value Added 9757

Households 8009

Government 2038 17811

Note: income in AFI 1990 prices, employment in job-years.

10 Year Cumulative Balance of Payments from AFI 620 million of Tourism Revenues.

Inflows Outflows

Tourism 7165 Goods and Services 7050
Investment 483 Other 751
Total 7639 Total 7801

Balance -162 (about 2 percent of inflows)

Note: measured in AFI 1990 prices.

Impact of 1000 Extra Rooms according to IMF Model.

Year 1991 1995

Rooms M X Rooms M X

5600 1275 1286 7800 1875 1835
6600 1481 1438 8800 2018 2011

Change 206 152 143 176

Net -54 +33




Regional Impact of Refinery and Tourism

Item Original Refinery Refinery and Tourism

Jobs at Place of Work: Loss Net Change
Noord 4518 -609 5579
O'stad 8269 -2958 -398

S Cruz 1579 -718 -347

S Nic 4645 -2976 -2338

Govt 4535 -2466 -1224

Wages at Place of Residence (AFI million):

Noord 43 -15 11
O'stad 114 -46 -1
S Cruz 73 -32 -7
S Nic 144 -87 -46
Total 374 -180 -12

Note: variations in the total loss to the Island compared to other previous
calculations arise because of adjustments to the data set.



Predicted Job Loss by Sector and Occupation at Registration

Prof Admin Cleric  Sales  Serv Agric

Ag/Industry 33 9 32 11 9 5
Oil 168 34 159 59 49 1
Utilities 33 3 48 0 5 1
Construction 31 29 78 10 16 8
Trade 23 54 160 216 284 7
HORECA 4 8 25 34 44 1 141
Services 159 25 210 22 225 10 271
Government 192 30 253 26 272 12
Total 643 192 964 378 905 45
Private 451 162 711 352 633 33

Prod

169
828
173
901
154

327

2848
2521



Employment lost through Refinery Closing

Occupations Trad-  Mig- Mod-  Expat

Professional 215 161 347 187
Administrative 47 40 102 83
Clerical 467 181 687 61 1396
Sales 185 46 269 41
Service 331 422 546 93 1392
Production 1610 683 1210 183
Total 2855 1533 3161 648

Total

910
272

541

3686

8197

Net Employment Gain with Refinery Closing and Tourism Expanding

Occupations Trad-  Mig- Mod-  Expat

Professional -73 -47 -113 -64
Administrative 7 27 52 29
Clerical -19 39 120 4 144
Sales 168 129 387 48
Service 98 297 364 37 796
Production -715 -252 -442 -72
Total -534 191 366 -18

Note: Figures are approximated to job/years

Net Income Loss from Economic Restructuring

Impact (AFI) Refinery Tourism Net

Arubian Economy:

Output (excl. refinery) -331 398
Wage Income -169 108
Value Added -397 265
Government Revenue -23 9

Household Income:

Traditional- -60 37
Migrant- -25 18

Modern- -113 81
Expatriate- -30 22
Total -228 157

Note: Impacts are AFI million.

Total

-297
115

732

-1480

-0

67

-132
-14
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Comparison of Large versus Small Manufacturing Enterprises

Impact Large

Arubian Economy:

Local Output 2451
Wage Income 496
Value Added 1352
Government Revenue 53

Household Income:

Traditional- 254
Migrant- 95 107
Modern- 519 503
Expatriate- 133
Total 862

Small

2840
849
2088
67

267

122
1239

Note: Impacts for AFI 1000 of new demand for manufactures

Comparison of Targeted Construction Initiative

Impact (AFI) Targeted Large Small
Arubian Economy:

Local Output 3205 2577
Household Income 1593 1148
Government Revenues 75 67
Indo-Households 814 308 395

Note: Impacts for AFI 1000 of new demand for manufactures

Comparison of Targeted Service Sector Initiative

Impact (AFI) Targeted Large

Small

Arubian Economy:

Local Output 3429
Households Income 1581
Government Revenues 76

Migrant Households 552

2314
1154
67

127

Note: Impacts for AFI 1000 of new demand for services

Revised, Buffalo, December 1991
Consolidated Report Draft, Buffalo, April 1992

2951
1404
73

3116
1279
68

131



Overall Approach to Model Testing

The basic approach adopted for the project is:

i) to construct a SAM model for the situation prior to the disaster using available
data or adapt a previously constructed input-output table
i) to construct and "event matrix" which maps the damage caused by a disaster

"scenario” onto the SAM in such a way that its implications can be assessed,
iii) to construct and apply a similar event matrix for the recovery program.

Since the ultimate aim of the project is to provide an easy-to-use planning tool, it is
necessary that the model, and its data requirements and use are a simple as
possible. Thus, two additional goals are:

iv) to demonstrate the utility of the matrix building and solving algorithms
V) through repetitive building and testing to define the set of "expert rules"
needed for the final system

For present purposes, testing a modeling technique involves several steps:

)] showing that the model can represent the data, structure and behavior of the
economy and track a known set of historical trends or "scenario”,
i) showing that the model can make useful plausible predictions of the outcome

of planned or hypothesized future events.

iii) showing that detailed "disasters” such as the failure and repair of specific
activities whether industries or "lifeline” systems (such as water supply) can
be adequately represented.

Establishing a disaster and recovery provides the "scenario” against which to
test the model:

For, this the project focusses on the following:

i) using a modified version of the previously constructed Aruba SAM for 1979 to
"predict” the employment and GDP data for the Island from 1979 to 1990.

i) constructing a new SAM for the Island for 1990 by scaling the 1979 model
against available more recent data, emphasizing vulnerable sectors and
“lifelines",

iii) using this 1990 model to simulate the consequences of various plans and
policies.

iv) repeating the above for regional and other variants of the model.



Disaster and Recovery Scenario

The basic "scenario" to be monitored is as follows:

- Pre-Disaster: In the period from 1979-85 the Island received
especially high tax receipts from the oil refinery and Government
spending increased. By 1983, tourism began to stagnate and by
1984 the Island's economy began to slow.

- Disaster: When the oil refinery closed in 1985, Aruba lost its single
most important economic activity. Although the refinery employed
only about 1300 people directly, some 6000-8000 jobs were lost
overall and many people left the Island. Unemployment on the
island rose greatly despite considerable out migration from the
Island. Rather than adopt IMF recommendations for reductions in
public sector employment, the Government introduced wage cuts.

- Recovery: The Island Government's recovery plan required that
the tourism industry on the Island should more than double by
1990. Against all expectations - especially since the tourism
industry was itself experiencing a slowdown - this target was
achieved. Largely as a result of a massive hotel construction
program, the Island labor force has now grown to between 26 and
29 thousand with considerable (return) immigration of Arubians
and others.



